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Foreword 

A s p e c i a l  s t u d y  was conduc ted  t o  d e t e r m i n e  t h e  ambient  

t r a p p e d  p a r t i c l e  f l u x e s  i n c i d e n t  03 t h e  IUE (SAS-D) satell i te.  

S e v e r a l  synchronous  e l l i p t i c a l  and c i r c u l a r  f l i g h t  p a t h s  

were e v a l u a t e d  and  t h e  effect of i n c l i n a t i o n ,  e c c e n t r i c i t y ,  

ar?d p a r k i n g  l o n g i t u d e  on  v e h i c l e  e n c o u n t e r e d  i n t e n s i t i e s  

was i n v e s t i g a t e d .  Temporal  v a r i a t i o n s  i n  t h e  e l e c t r o n  en

v i ronment  w e r e  considered and p a r t i a l l y  a. a n t e d  f o r .  

Magnet ic  f i e l d  c a l c u l a t i o n s  were per formed w i t h  a c u r r e n t  

f i e l d  model e x t r a p o l a t e d  t o  a later epoch w i t h  l i n e a r  t i m e  

t e r m s .  O r b i t a l  f l u x  i n t e g r a t t o n s  were per formed w i t h  t h e  

latest  p r o t o n  and e l e c t r o n  envi romnent  models  u s i n g  new 

improved c o m p u t a t i o n a l  methods. The r e s u l t s  are p r e a e n t e d  

i n  graphical and  t n b u l a r  form; t h e y  are a n a l y z e d ,  e x p l a f m d ,  

and  d i s c u s s e d .  F i r . a l l y ,  estimates of e n e r g e t i c  solar p r o t o n  

f l u x e s  are g i v e n  f o r  a one  y e a r  m i s s i o n  a t  selected i n t e g r a l  

e n e r g i e s  r a n g i n g  f rom 10 to 100 MeV, c a l c u l a t e d  f o r  o y e a r  

of maximum s o l n r  a c t i v i t y  d u r i n g  t h e  n e x t  so?.ar  c y c l e .  
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I n t r o d u c  t i o n  

. 
The o b j e c t i v e  of t h e  p r e s e n t  s t u d y  is t o  e v a l u a t e  t h e  cha rged  p a r t i c l e  

iluxee t o  be e n c o u n t e r e f  by a s p a c e c r a f t  i n  8 synchronous  o rb i t ,  

e p e c i f i c a l l y  as a p p l i e d  to t h e  IUE (SAS-D) m i s s i o n .  Because syn

ch ronous  orbi ts  have  c e r t a i n  chara?teristics e n t i r e l y  t h e i r  own, 

some g e n e r a l  a b s e r v a t i o n s  are i n  o r d e r .  

C i r c u l a r  geosynchronous  ( g e o s t a t i o n a r p )  trajectoriee are f l i g h t  

p a t h s  w i t h  a p e r i o d i c i t y  of e x a c t l y  24 h o u r s ;  t h i s  f i x e s  t h e i r  al

t i t u d e  t o  a b o u t  5 . 6  e a r t h  r a d i l .  Sa te l l i t es  i n  s u c h  o r b i t s  are 

c o - r o t a t i n g  w i t h  t h e  geoid,  as i f  r i u i d l y  a t t a c h e d .  When t h e  tra

jector ies  l i e  i n  t h e  e q u a t o r i a l  p l a n e ,  t h e  sa te l l i tes  a p p e a r  t o  be 

s t a t i o n a r y  i n  g e o c e n t r i c  space ( o v e r  t h e  e q u a t o r )  on a m e r i d i a n  

wh ich  is d e t e r m i n e d  by t h e i r  i n j e c t i o n  c o n d i t i o n s .  T h i s  p o s i t i o n  

is called t h e  p a r k i n g  l o n g i t u d e .  If t h e  p l a n e  of t h e  c i r c u l a r  orbi t  

is t i l t e d  away from t h e  e q u a t o r ,  t h e  trace of a l l  e u b s a t e l l i t e  p o i n t s  

( g e o c e n t r i c  p r o j e c t l o a s )  on t h e  ea r th ' s  s u r f a c e  form a f i g u r e  "e igh t "  

w i t h  its node a t  t h e  p a r k i n g  p o s i t i o n  and  its e .x i s  of symmetry 

a l i g n e d  h o r i z o n t a l l y  in t h e  n o r t h - s o u t h  d i r e c t i o n  (normal t o  t h e  

equate;.) . Wben i n c l i n a t i o n  is i n c r e a s e d ,  t h e  s ize  02 t h e  p r o j e c t e d  

t r a c e  ( f i g u r e  e i g h t )  become larger, p r o b a b l y  r e a c h i n g  its maxbum 

for polar o r b i t s .  

Of c o u r e e ,  it 4s p o s e i b l e  to kava a s y n c h r a a o u e  t ra jec tory  which 

is e l l i p t i c a l  rather t h a n  c i r c u l a r :  i n  f a c t ,  t h e  o n l y  r e q u i r e m e n t  i 

fo r  any trajectory t o  be c o n s i d e r e d  sy:,chronous is t h a t  it 3ave  a 
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p e r i o d  of e x a c t l y  24 h o u r s .  However, t h e r e  are t h r e e  l a p o r t a n t  

consequences  associated w i t h  e l l i p t i c a l  synchronous  trajectories: 

1. 	 A wide  r a n g e  of a l t i t u d e s  is v i s i t e d :  perigee lies deeper i n  t h e  

h i g h  i n t e n s i t y  r e g i o n s  of t h e  o u t e r  zone  trapped e l e c t r o n  and  

low-enerpy p r o t o n  be l t s ,  w h i l e  apogee  Is n e a r e r  t o  t h e  maprne

t o s p h e r i c  boundary  uf t h e  t r a p p i n g  r e g i o n s .  

2 .  	 S p a c e c r a f t  v e l o c i t y  is smaller a t  apogee a n d  preater a t  perigee, 

c a u s i n e  t h e  s a t e l l i t e  t o  s p e n d  more t i m e  i n  r e g i d s  of s p a c e  

l y i n g  above  s y n c h r o n o u s  a l t i t u d e ,  and  
. .  

3. 	 Because of t h e s e  v a r i a t i o n s  i n  v e l o c i t y ,  a r a n g e  of l o n g i t u d e s  

e x t e n d i n R  s y " e t r i c a l 1 y  a b o u t  its p a r k i n p  m e r i d i a n  are cove red .  

The d e g r e e  t o  which t h e s e  e v e n t s  t a k e  p l a c e  depends  e n t i r e l y  on t h e  

e c c e n t r i c i t y  of t h e  orbi t .  More e c c e n t r i c  o r b i t s  e x p e r i e n c e  t h e  

d e s c r i b e d  e f f e c t s  to  a greater e x t e n t .  Some r e l a t i v e  q u a n t i t a t i v e  
I 

e v a l u a t i o n s  w i l l  be g i v e n  i n  s u b s e q u e n t  s e c t i o n s  of t h i s  r e p o r t .  

I n c i d e n t a l l y ,  t h e  s u r f a c e  traces of synchronous  e l l i p t i c a l  trajec

tor ies  w i t h  i n c l i n a t i o n  1-0 0 ( e q u a t o r i a l  orbits)  are s t r a i g h t  l i n e s  

on t h e  e q u a t o r .  whose l e n g t h s  depend on t h e  e c c o n t r i c i t y  o f  t h e  orbi t .  

For  i n c l i n a t i o n s  i.0: t h e  e l l i p t i c a l  s u r f a c e  traces form a p a i n  t h e  

f a m i l i a r  f i g u r e  " e i g h t "  p a t t e r n s ,  p r e v i o u s l y  d i s c u s s e d  fo r  t h e  cir

c u l a r  o r b i t s ,  w i t h  t h e i r  nodes  a l so  a t  t h e  p a r k i n g  p o s i t i o n s ,  b u t  

i n  c o n t r a s t  t o  t h e  c i r c u l a r  cases, t h e i r  symmet r i c  axes are azfmu

t h a l l y  t i l t e d  t o w a r d s  t h e  e q u a t o r .  The tilt of t h e  axe8 and  t h e  

area e n c l o s e d  by t h e  trace8 are f u n c t i o n s  of orbi t  i n c l i n a t i o n  8nd- ! 
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e c c e n t r i c i t y .  . 
I n  o r d e r  to  d e t e r m i n e  t h e  effects  cf: 

8 	 (a) e c c e n t r i c i t y  

(b) i n c i i n a t i o n ,  and  

ic) p a r k i n g  p o s i t d o n  

on t h e  m i s s i o n  i n t e f f r a t e d  trapped par icle f l u x e s  encoun ere b Y  

s y n c h r o n o u s  sa te l l i t es ,  t h r e e  i n c l i n a t i o n s  a n d  t h r e e  p a r k i n a  lon

g i t u d e s  w e r e  s e l e c t e d  f o r  s t u d y ,  namely: 

I n c l i n a t i o n s  - OQ, 30°, and  4S0 

L o n g i t u d e s  - l l O % ,  29OoE, 3lOoE 

For a l l  c o m b i n a t i o n s  of t h e s e  c o n d i t i o n s ,  c i r c u l a r  as w e l l  as e l? . ip 

t i c a l  trajectories w e r e  t h e n  i n v e s t i g a t e d .  

Some comments are n e c e s s a r y  a t  t h i s  p o i n t  i n  regares tc t h e  t w o  

new e l e c t r o n  env i ronmen t  mode l s  u s e d  i n  ?he  f l u x  c a l c u l a t i o n s :  The 
. 

AE5 for t h e  i n n e r  z o n e  (1.I CL< 2.8) by Teague  and  V e + i e ,  1972 and 

t h e  AE4 �or t h e  o u t e r  7.one (2.8==L.C11.) by S i n a l e y  and  V e t t o ,  1972. 

Both are s t a t i c  models d e s c r i b i c g  t h e  env i ronmen t  a s  it e x i s t e d  

back i n  October 1967, a t  a b o u t  solar maximum c o n d i t i o n s .  I n  con

s t r u c t i n g  t h e s e  models  it was possible t o  in f?r  a change  of t n e  sve 

r a p e  q u i e t - t h e  e l e c t r o n  f l u x  l e v e l s  as a f u n c t i o n  of t h t  solar  c y c l e  

However for t h e  r e g i o n s  of space c o v e r e d  by t h e  v a r i o u s - o r b i t s  i n  

*. 	 t h i s  s t u d y  t h e r e  are ao a p p r e c i a b l e  changes  i n  t h c  time a v e r a p e d  

f l u x .  

A d d k t i o n a l  s t a t i c  v e r s i o n s  of t h e  AE5-AE4 models for the 1964 solar 
I .minimum opoch h a v e  j u s t  been released a n d  w i l l  be incorporared i n t o  1 

3 
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t h e  " U n i f i e d  O r b i t a l  F l u x  I n t e g r a t i o n  and  A n a l y s i s  System" for 

..f u t u r e  appl icat ions ( S t a s s i n o p o u l o s  and  Gregory ,  1973).- . , . .  

The IUE lau?sch date of 1975.5 w i l l  o c c u r  v e r y  near  t o  solsr minimum . 

and  t h e  satell i te w i l l  s p e n d  its e a r l y  lifetime w i t h  a l o w  proba


b i l i t y  of e n c o u n t e r i n g  larRe solar p r o t o n  f lares .  s 


A n o t  h e r  importa,nt feat  u r e  of t h e  synchronous  elect r o n  envf ronmen t 


is t h e  s t r o n g  local t i m e  dependence  of t h e  ambient  p a r t i c l e  f l u x e s .  


The local t i m e  v a r i a t i o n s  for h i g h  e t e r p y  e l e c t r o n s  (1-3 MeV) a t  


synchronous  a l t i t u d e s  ( L c 5 . 6  e.r.) e x c e e d  one order of maFnitude. 


These  v a r i a t i o n s  aye d u e  t o  t h e  d i s t o r t i o n  of t h e  magnetosphere  


c a u s e d  by t h e  solar wind  ( compress ion  a t  local noon,  e l o n p a t i o n  


a t  local  midnight!. 


T h e o r e t i c a l l y  , t h e  new ou te r - zone  AE4 r e c o g n i z s d  t h i s  dependence 


and a c c o u n t e d  for it by I n c o r p o r a t i n R  a n  a n a l y t i c  f u n c t i o n  f o r  its 


c a l c u l i t i o n .  However, t h e  v e r s i o n  d i s t r j b u t e d  i n  card deck form 


f o r  p rac t i ca l  a p p l i c r t i o n  p u r p o s e s  p r o v i d e s  i l u x e S  which are ave 


r a p e d  o v e r  local t i m e .  The  r e a s o n  b e h i n d  t h i s  s i m p l i f i c a t i o n  is t h a t  


m o s t  users employ t h e  model i n  o rb i t - or t i m e - i n t e g r a t i o n  processes 


t o  m i s s i o n s  which  have  d u r a t i o n s  of 6 months  or more and t h e  loca l  


t i m e  e f fect6 would be a v e r a c e d  o u t  anyway. ?IeE..c, i n  order t o  s a v e  


t i m e ,  core, and  e f f o r t ,  a local time avoraged  v a l u e ,  which I s  n e a r l y  


e q u i v a l e n t  to t h e  f l u x e s  a t  t h e  dawn m e r i d i a n ,  was i n s e r t e d  i n t o  


t h e  model i n  place of t h e  a n a i y t i c  f u n c t i o n .  


- * 
The consequence  of t h i s  s i m p l i f  i c a t l o n  on c i r c u l a r  e q z a t o r i a l  syn-

cbronoub orb i t s  ( t h a t  i s ,  orbi ts  l y i n g  on c o n s t a n t  L-shePls) is 

-F E s i g n i f i c a n t  as l o n g  as complete periods ( 9 r e v o l u t i o n s  24-

/ 
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h o u r  i n t e r v a l s )  are b e i n g  c o n s i d e r e d .  But when t b s  circular syn

c h r o n o u s  orbits are i n c l i n e d  or when t h e  s y n c h r o n o w  orbits are 

e l l i p t i c a l  (for a n y  i n c l i n a t i o n ,  i n c l u d i n p  e q u a t o r i a l )  , t h e  r e s u l t s  

c o n c e i v a b l y  c o u l d  be biased for  v e r y  s h o r t  t e r m  m i s s i o n s  or for 

t h e  f l ux  e n c o u n t e r e d  i n  a t r a n s f e r  orbit b e c a u s e  t h e  v e h i c l e  b r i e f l y  

p a s s e s  t h r o u g h  v a r y i n g  L - s h e l l s  a t  d i f f e r e n t  local tinee, w i t h o u t  

s p e n d i n g  more t h a n  a f r a c t i o n  of i t a  period a t  a n y  s h e l l :  t h e  a v e r a ~ e d  

f l u x  v a l u e s  y i e l d e d  by t h e  model f o r  t h e s e  t r a n s i t  p o 8 l t i o n s  MY 

be off (up or down) by a s  much a s  a factor of 7 ,  depend ina  on t h e  

p a r t i c u l a r  c o n d i t i o n s .  S i n c e  s u c h  t r a j e c t o r i e s  have an a f f e c t i v e  L 

r a n g e  from a b o u t  5 . 5  e.r. to  a b o u t  22.C 8.r. and  s i n c e  t h e  r o l a t l v e  

s h e l l - r e l a t e d  i n t e n s i t i e s  o v e r  t h i s  L r a n g e  v a r y  by s e v e r a l  orders 

of magnitude , a s i g n i f  i c a n t  i n t r ' i n s i c  u n c e r t a i n t y  I s  associated 

w i t h  t h e s e  r e s u l t s  for s h o r t  tera mimsions.  However, for l o n p  term 

m l s s i o n a  cbere local times are e n c o u n t e r e d  f a i r l y  u n i f o r m l y ,  t h e  

local time a v e r a p e d  f l u x e s  are  a p p r o p r i a t e .  The effect  of t h i s  pos

s ib le  error ?or shor t  term m i s s i o n s  l a  reflected i n  t h e  u n c e r t a i n t y  

fac tor  r i v e n  for t h e  e l e c t r o n  data in Appendix A .  

In c o n t r a s t  to  t h e  e l e c t r o n s ,  n o  epeclal c o n s i d e r a t i o n s  a r e  r e q u i r e d  

f o r  t h e  p r o t o n  r e s u l t s  o b t r i n e d  from s t a n d a r d  m o d e l s  lonp: in w e .  

Although t h e y  describe a s t a t i c  e n v i r o n m e n t ,  t h i s  is a v a l i d  repre

s e n t a t i o n  for t h e s e  particles b e c a u s e  e x p e r i m e n t a l  ~ e a s u r e m e n t e  

have  shorn t h a t  n o  s i R n i f i c a n t  changes  w i t h  time bave o c c u r r e d  i n  

t h e  p r o t o n  p o p u l a t i o n .  With t h e  e x c e p t i o n  of t h e  f r inpe  areas of 

t h e  p r o t o n  belt, t h a t  is, a t  v e r y  1 4  a l t i t u d a s  and  at t h e  o u t e r  

edges of t b e  t r a p p i n g  r e g i o n ,  t h e  p o e s l b l e  error i n t r o d u c e d  by the  

5 
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s t a t i c  a p p r o x i m a t i o n  lies w e l l  w i t h i n  t h e  u n c e r t 8 i n t y  f a c t o r  8 t t a c h r d  

to  t h e  models. C o n s e q u e n t l y ,  t h e  p r o t o n  data may be n p p l i e d  t o  

a n y  e p o c h  w i t h o u t  t h e  need  f o r  a n  u p d a t i n g  p r o c e e s .  

W e  w i s h  to emphas ize  t h a t  Our c a l c u l a t i o n s  are only 8 p p r o r l n a t i a n a  

a l t h o u g h  t h e y  are based on the best a v 8 i l a h l e  data: am always. 

w s t r o n g l y  recommend t h a t  aLf persons r e c e l v l n p  pmrts of t h im rcport 

be a d v i s e d  a n o u t  the u n c e r t a i n t y  i n  t h e  data. ma d f s c u s a e d  i n  Appendix 

A .  

Appendix A also c o n t a i n s  p e r t i n e n t  i n f o r m 8 t i o a  on u a f t r .  f i e l d  modelm. 

t r a j e c t o r y  p e n e r a t i o n  a n d  c o n v a r s i o a .  etc. 

F ina lXy ,  a n  wrp lans . f ion  r e u a r d i n e  t h e  a t t r i b u t e  "StandarB" ,  f r e q u e n t l y  

used  i n  t h e  reformatted OB1 ( O r b i t a l  Flux I n t o p t a t i o n )  Study Reports. 

The t e r m  is a p p l i e d  a s  a modifier t o  parameters. coa l r t8n t s .  of v a r 

iab les  i n  order t o  I n d i c a t e  or r e f e r  t o  some s p e c i f i c  v a l u e  of t h e s e  

q u a n t i t i e s  t h a t  had  h e n  used  w i t h o u t  chanpe  o v e r  e x t e n d e d  perlodr 

of t i m e .  Al though override p o s s i b i l i t i e s  do  e x i s t  i n  t h e  OF1 sys t em.  

a r o u t i n e l y  s u b m i t t e d  p r o d u c t i o n  r u n  w i l l ,  by d e f 8 u l t  option, 8 I r . y r  

u s e  tbcse "standard" v a l u e s .  The  t e r m  is a lso  used  i n  reterence 

t o  e s t a b l i s h e d  forms. s t y l e ,  processes. or procedures. 8u for example .  

" s t a n d a r d  tables", " s t a n d a r d  plots". " s t a n d a r d  p r o d u c t i o n  runn'. . 
etc .  A list o f  some q u a n t i t i e s .  v a l u e s .  or e x p r e a s i o n s  m o d i f i e d  by 

" s t anda rd"  is &riven i n  T a b l e  1. 
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. R e s u l t s :  ,\nnly-sle and  D i n c u s s i o n  

The o u t c m e  o f  o u r  r - a I c u l n t i r m a  1s summarized i n  'hhPes 3 t o  
I .  

92.  whl rh  a r e  a l l  compute r  produced .  Tho t a b l e s  are a r r n n p e d  

I n  f o u r  sets. where o v e r y  set p e r t a l n x  to  o w  spcciflc t y p e  of 

t ab l e :  t h e  f i r s ; - set c o n t a i n s  t h e  "L-baiid" t a p l c s ,  the seconc '  t h e  

"Spectral D l s t r i h u t  i o n  and  Exposure  Index" t a b l e s .  t h e  t h i r d  t h e  

t a b l e s  of "Pcaks"f a n d  t h o  f o u r t h  t h e  "Exposure A n a l p i s "  siimriary 

a n d  t h e  "Time Accouit"  breakdown. Al l  sets  except t h e  l a s t  c - a n t a i n  

tvo  s i m i l a r  m e m b e r s :  one  Por low e n e r r - j  p r o t o n s .  a n d  one for-

e l e c t r o n s .  i n  t h a t  o r d e r .  The l a s t  contains o n l y  onc m e m b e r .  

No h i a h  ene rEy  p r o t o n s  of t h e  t r a p p e d  p a r t i c l e  v a r i e t y  e x l e t  i n  

t h e  r e p i o n s  of s p a c e  v i s i t e d  by sync-hronous sntcll l tes.  h e n r e  n o  

t a b l e s .  F u r t h e r  e x p l a n a t i o n s  on t h e  t ab l e s  and  a more d c t r i l e d  

d e s c r i p t i o n  of t h e i r  c o n t e n t s  is r i v e n  i n  Appendix B. F i y u r e  2 

is a g u l d e  t o  t a b l e  a r r a n c c m e n t .  as produccd  by n s t a n d a r d  produc

t i o n  r u n  of t h e  g r h i t n i  -Flux  -I n t e v r a t i o n  (OF11 propra-n U N X F L U X .  ' 

for a s i n g l e  t r a j e c t o r y .  

Some o f  t h e  t a b u l n t c d  d a t a  is a l a 0  c-omputcr p l o t t o d  i n  F f c u r c s  

3 t o  74. w i t h  a d d i t i o n a l  F i c u r e a  75-110 w m t a i n i n r r  p l o t s  of f l i r h t  

p a t h  d n t n .  F i n a l l y ,  F i u u r e  111 shows ? h e  unn lenua ted  l n t c r p l a n e t a r y  

s o l a r  p r o t o n  s p e c t r u m  a t  1 A . U . ,  a p p l i c a b l e  to  a 1 1  t ra . j r r tor i ta  

c o n s i d e r e d  i n  t h i s  s t u d y .  A s  w i t h  t h e  t a b l e s .  ? h e  p l o t s  z iw a r r a n r e d  

i n  f o u r  sets.  where e a c h  set p e r t a i n s  t o  one  s p e c i f i c  type of p l o t :  

t h e  f i r s t  R e t  z o n t n i n s  "Time and  F lux  HistoKrams" , t h e  second 

7 
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"Spectral P r o f i l e s "  , t h e  t h i r d  "peaks  par O r b i t "  a n d  t h e  f o u r t h  
. . 

t r a j e c t o r y  "World Map P r o j e c t i o n s "  and "B-L Space Trac ings" .  Aga in ,  
e : 

a l l  sets e x c e p t  t h e  last c o n t a i n  t w o  similar m e m b e r s :  one f o r  e a c h  

t y p e  of p a r t i c l e  e n c o u n t e r e d .  The l as t  set c o n t a i n s  two i n d e p e n d e n t  

m e m b e r s .  Appendix C d e s c r i b e s  a n d  e x p l a i n s  t h e  plots. F l p u r e  2 

I s  a g u i d e  t o  p l o t  a r r a n g e m e n t ,  a s  produced by a s t a n d a r d  p r o d u c t i o n  

run f o r  a s i n g l e  t r a j e c t o r y .  The f i n a l ,  s i n g l e ,  c o n c l u d l n q  p l o t  

( F i g u r e  1) I s  e x p l a i n e d  in t h e  s e c t i o n  on " E n e r g e t i c  S o l a r  

P r o t o n  Fluxes".  

I 
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S p e c t r a l  P r o f i l e sI*  
~ " .  

For t a b u l a t e d  d a t a  c o n s u l t  T a b l e s  39-74. 

For p l o t t e d  data c o n s u l t  F i g u r e s  39-71. 

The i n t e g r a l  spectra p r e s e n t e d  i n  t h i s  r e p o r t  are orbit  i n t e g r a t e d ,  

s t a t i s t i c a l l y  a v e r a g e d ,  t r a p p e d  p a r t i c l e  s p e c t r a ,  c l i a r a c t e r i s t  i c  

of t h e  s p e c i f i c  t ra jector ies  t h a t  p roducea  them. 

1'; s h o u l d  be n o t e d  t h a t  of t h e  t r a p p e o  p a r t i c l e  species. o n l y  elec

t r o n s  and  l o w  e n e r g y  p r o t o n s  e x i s t  a t  synchronous  a l - i i t u d e s :  t h a t  

is, t h e  synchronous  env i ronmen t  is c t m p l e t e l g  d e v o i d  of t r a p p e d  

h i g h  e n e r g y  p r o t o n s .  

A comparison of t h e  a v a i l a b l e  d a t a  r e v e a l s  t h a t :  

a) e l l i p t i c a l  t ra jec tor ies  e n c o u n t e r  more pa r t i c l e s  t h a n  c i r c u l a r .  

o n e s ;- t h i s  is v a l i d  P e r  a l l  i n c l i n a t i o n s  and  p a r k i n g  p o s i t i o n s  

c o n s i d e r e d ,  , 

b) e q u a t o r i a l  o r b i t s  e x p e r i e n c e  g r e a t e r  i n t e n s i t i e s  t han  i n c l i n e d  

-.o r b i t s ;  t h i s  h o l d s  t o r  a l l  e c c e n t r i c i t i e s  and parkinR p o s i t i o n s  

i a v e s t l p a t e d ,  and  

c) 	p a r k i n g  l o n g i t u d e  h a s  l i t t l e  e f f e c t  on m i s s i o n  i n t e i c m t e d  

f l u x e s ;  t h i s  is t r u e  for b o t h  c i r c u l a r  and  e l l i p t i c a l  o r b i t s  

and a p p l t e s  t o  a l l  i n c l i n a t i o n s :  t:.Q maximum d i f f e r e n c e  i n  

f l u x  l e v o l a  due  t o  a n y  p a r k i n g  1011gitude v a r i a t i o n  is n o t  l i k e l y  

t o  exceed  30%. I n  regards t o  t h e  e l e c t r o n s .  t h e  error i n t r o 

duced by n r j g l e c t l n g  t h i s  char.;? is i n s i m i f  i c a n t  , in view of 

9 
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t h e  v e r y  l a r p e  u n c e r t a i n t i e s  associated with t h e  data  (about 

a f a c t o r  of 5 1. 

These  c o n c l u s i o n s  a p p l y  e q u a l l y  t o  e l e c t r o n s  a n d  p r o t o n s  and t h e y  

i n c l u d e  a l l  e n e r g i e s .  

A u s e f u l  corrolary may be s t a t e d :  t h e  bes t  synchronous  t r a j e c t o r y  

i n  t e r m s  of r a d i n t i o n  h a z a r d  is c i r c u l a r  and  i n c l i n e d ,  t h e  w o r s t  

e l l i p t i c a l  and  e q u a t o r i a l .  The  d i f f e r e n c e  be tween w o r s t  and best 

over  t h e  r a n g e  o f  i n c l i n a t i o n  and  fo r  t h e  e c c e n t r i c i t y  used  i n  t h e  

s t u d y ,  is a b o u t  a f ac to r  of 4. 

. 
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11. T r a j e c t o r y  Data 

See F i g u r e s  75-92 f o r  World Map P r o j e c t i o n s .  

See F i g u r e s  93-110 f o r  B-L Space  T r a c i n g s .  

A.  World Maps 

World map p r o j e c t i c n s  of t ra jec tor ies  are by d e f i n i t i o n  t h e  

s u r f a c e  t races  o f  t h e i r  s h b s a t e l l i t e  p o i n t s ,  

P ro jec t ion : ;  o f  synchronous  e q u a t o r i a l  , o r b i t s ,  c i r c u l a r  or 

e l l i p t i c a i ,  d i s p l a y  n o  s a l i e n t  f e a t u r e s ;  t h e y  a p p e a r  on t h e  

e q u a t o r  a s  a p o i n t  or a s t r a i g h t  l i n e ,  r e s p e c t i v e l y .  See 

P i g u r e s  75-77 f o r  c i r c u l a r  and  F i e u r e s  84-86 for e l l i p 

t i c a l  f l i g h t  p a t h s .  

I n c l i n e d  synchronous  o r b i t  p r o j e c t i o n s  d i s p l a y  c h a r a c t e r i s t i c  

b u t t e r f l y  p a t t e r n s ,  t h e  figure " e i g h t "  t r a c i n g s  d i s c u s s e d  i n  

a p r e v i o z s  s e c t i o n ,  whose a x e s  a r e  t i l t e d  for e l l i p t i c a l  t r a 

jector ies ,  and  v e r t i c a l  f o r  c i r c u l a r  f l i g h t  p a t h s  ( F i g u r e s  

87-92 and  78-83 r e a p e c t i v s l y ) ;  for o r b i t s  w i t h  a p r o g r a d e  

i n c l i n a t i o n ,  t h e  t i l t  is i n  t h e  SW to NE d i r e c t i o n ,  fo rming  

a n  a n g l e  w i t h  t h e  e q u a t o r  which ,  when measured i n  a c o u n t e r 

c 	 c l o c k w i s e  s e n s e ,  is zero degrees tor t h e  i = O o  o r b i t ,  a b o u t  

52O for t h e  i n 3 O o  o r b i t ,  and  a b o u t  56O for t h e  i - 4 5 O  orbi t .  

. 	 Obvious ly  t h e  t i l t  of t h e  a x i s  is n o t  a l i n e a r  f u n c t i o n  of in

c l i n a t i o n ,  a s  shown i n  F i g u r e  112 

The area e n c l o s e d  by t h e  s u r f a c e  traces i n c r e a s e s  percept ib ly  

11 
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when o r b i t  i n c l i n a t i o n  is r a i s e d .  

The " l o n g i t u d i n a l  s p r e a d "  o f  a s u r f a c e  trace is t h e  g rea tes t  

l o n p i t  u d i n a  1 disp1.acement a b o u t  B c e n t r a  1 p o s i t  i o n  (pa rk ing  

l o n g i t u d e )  a c h i e v e d  d u r i n g  one  comple t e  r e v o l u t i o n  (-one p e r i o d )  ; 

i t  is a f u n c t i o n  of e c c e n t r i c i t y  and  i n c l i n a t i o n :  

a t  a g i v e n  e c c e n t r i c i t y  it is a lways  minimum �or  e q u a t o r i a l  

t r a j e c t o r i e s  and it  i n c r e a s e s  when i n c l i n a t j o n  is r a i s e d ,  pro

b a b l y  r e a c h i n g  its maximum f o r  p o l a r  o r b i t s .  T h i s  las t  assump

t i o n  h a s  n o t  been t e s t e d .  

S p e c i f  J L a l l y ,  t h e  t o t a l  l o n g i t u d i n a l  d i s p l a c e m e n t  of t h e  E 
c u l a r  synchronous  orbi ts  is less t h a n  3 O  for t h e  e q u a t o r i a l  

t ra jec tor ies ,  goes u p  t o  a b o u t  go for t h e  i - 3 O o  f l i g h t  p a t h s .  
0

and  r e a c h e s  almost ZOO for t h e  1-45 o rb i t s .  The d i s p l a c e m e n t  

of t h e  e l l i p t i c a l  t ra jector ies  ( g e n e r a t e d  w i t h  t h a t  special  

e c c e n t r i c i t y )  I s  much g r e a t e r  t o  beg in  w i t h  ( abou t  43O for 

i = O o  ) ,  b u t  o v e r  t h e  i n c l i n a t i o n  r r n g e  c o n s i d e r e d  i n  t h e  s t u d y  

too& i 6 45O 1 ,  it  d i s p l a y s  almost t h e  same v a r i a t i o n  as  i n  

t h e  c i r c u l a r  cases, t h a t  is,  a b o u t  1 5 O .  Cor re spond inp  c u r v e s  

f a r  c i x u l a r  and  e c c e n t r i c  o r b i t s  a re  d e p i c t e d  i n  F i g u r e  112. 

The e f f e c t  of p a r k i n g  p o s i t i o n  o n  e i t h e r  t i l t ,  area e n c l o s e d ,  

or l o n g i t u d h a l  s p r e a d  is I m p e r c e p t i b l e .  

12 
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B. Magnet ic  Dipole Mapping ~ . ,  
. 7  ' 3  *..i 

A t  t h e  g e o c e n t r i c  d i s t a n c e s  of s y n c h r o n o u s  orbi ts .  t h e  q u a n t i t i e s  

B and L h a v e  n o  p h y s i c a l  meaninc any  more b e c a u s e  of t h e  i n t e r 

a c t f o n  between solar  wind a n d  magnetosphere .  

The noon-midnight d i s t o r t i o n  of t h e  magnetosphere ,  produced 

by t h a t  i n t e r a c t i o n  (compress ion  i n  t h e  solar and  elonCration 

i n  t h e  a n t i s o l a r  d i r e c t i o n ) .  c a u s e s  a breakdown i n  t h e  symmetry 

of t h e  d i p o l e  m a p n e t i c  s h e l l  parameter L a n d  i n t r o d u c e s  s i g n i f 

i c a n t  e x t e r n a l  cur:.:nts and  f i e l d s .  whose c o n t r i b u t i o n s  sub

s t a n t i a l l y  a l t e r  t h e  a p p a r e n t  f i e l d  s t r e n g t h  B a t  a g i v e n  syn

c h r o n o u s  p o s i t i o n ,  t h a t  is p r e s e n t l y  o b t a i n e d  from t h e  d i p o l e  

terms of t h e  i n t e r n a l  f i e l d  model a p p l i e d  i n  t h e  c a l c u l a t i o n s .  

T h e r e f o r e ,  i n  t h i s  'tudy (as w e l l  as i n  e v e r y  incde1 of charged-

p a r t i c l e  r a d l a t j o n  u t i l i z e d ) .  t h e s e  v a r i a b l e s  a r e  be inp  employed 

o n l y  a s  o r d e r i n g  p a r a m e t e r s .  

The m a g n e t i c  B-L-space t r a c i n g s  of t h e  e q u a t o r i a l  synchronous  

t ra jec tor ies  a p p e a r  a s  s m a l l  ( c i r c u l a r  orbits) or l a r p e ( e l l 1 p 

t j c a l  crbits) l i n e  s e g m e n t s  on t h e  p l o t s  ( F i g u r e s  93-95 and 

102-104, r e s p e c t i v e l y ) .  r u n n i n g  p a r a l l e l  t o  t h e  c o n t o u r  o f  t h e  

m a g n e t i c  d i p o l e  e q u a t o r ,  b u t  removed from it by a f i n i t e  d i s 

t a n c e  c o r r e s p o n d i n g  to t h e  m a p n e t i c  l a t i t u d e  of t h e  p a r k i n p  

pos5 t Ion.  

T h i s  d i s p l a c e m e n t  o c c u r s  b e c a u s e  t h e  m a p n e t i c  d i p o l e  a x i s  is 

t i l t e d  t o  t h e  e a r t h ' s  a x i s  of r o t a t i o n  by a n  a n g l e  of a h o u t  

11.1 deKrees. Hence, p o s i t i o n s  on t h e  g e o g r z p h i c  e q u a t o r  may 

13 

_r 

: I  ' 

I \ 

. .I 

1 

. _., 

. .  
I 



. .. .  

t i 

be d i s p l a c e d  from t h e  geomagne t i c  e q u a t o r  by t h a t  a n g l e ,  a t  


most. If  t h e  p a r k i n g  l o n g i t u d e  c o i n c i d e s  w i t h  t h e  nodes  of 


t h e  t w o  e q u a t o r i a l  p l a n e s .  t h e  trace s h o u l d  be t a n g e n t  to  


t h e  e q u a t o r i a l  c o n t o u r  i n  t h e  0-L plots .  4 


The l e n g t h  of t h e  traces I s  a measure of t h e  B and L v a r i  


a t i o n s  e n c o u n t e r e d  on a p a r t i c u l a r  t r a d e c t o r y .  The rela


t i v e l y  s t a t i o n a r y  c i r c u l a r  orbi t  h a s  t h e  s h o r t e s t  trace. 


w h i l e  t h e  o s c i l i a t i n g  e l l i p t i c a l  orbi t  i n d i c a t e s  by t h e  


l e n g t h  of its trace t h a t  a s u b s t a n t i a l  chanpe  i n  t h e s e  


p a r a m e t e r s  o c c u r s  d u r i n g  o n e  r e v o l u t i o n .  


The s e l e c t i o n  of a d i f f e r e n t  p a r k i n g  l o n g i t u d e  h a s  n o  e f f e c t  


on t h e  magn i tude  of t h e  L - i n t e r v a l  c o v e r e d  by t h e  trace 


b u t  it c h a n g e s  s l i g h t l y  t h e  B - i n t e r v a i  (maximum v a r i a t i o n  


between smallest a n d  lareest i n t e r v a l  appears t o  be less 


t h m  10%)and  s h i f t s  t h e  p o s i t i o n  of t h e  trace r e l a t i v e  


t o  t h e  e q u a t o r i a l  c o n t o u r ,  b o t h  i n  B and  i n  L. 


P a r t i c u l a r l y  f n t e r e s t  i n g  may be t h e  a p p a r e n t  t r a v e r s a l  


of i d e n t i c a l  volume- of B-L s p a c e .  w i t h  i d e n t i c a l  g r a d i e n t s .  


l a  t h e  a s c e n d i n g  a s  w e l l  a s  t h e  d e s c e n d i n p  p o r t i o n s  of  t h e  


e l l i p t i c a l  f l i g h t  p a t h s ;  t h i s  is c l e a r l y  i n d i c a t e d  by t h e  


o v e r l a p  of t h e  c o r r e s p o n d i n g  t r a c i n g  segmen t s  i n  F i g u r e s  


102 and  103 f o r  t h e  t w o  p a r k i n g  p o s i t i o n s  a t  110° and  290° 


east  l o n g i t u d e .  


I t  appears t h a t  t h i s  symmetry d o e s  n o t  p r e v a i l  eve rywhere  


a l o n g  t h e  g e o g r a p h i c  e q u a t o r ,  a s  IE! i n d i c a t e d  by t h e  


14 
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s e p a r a t i o n  of t h e  r e = - p e c t i v e  ' t racing segments  i n  F i p u r e  140  for 

t h e  310° eas t  l o n g i t u d e  p o s i t i o n .  

. A s  would tie e x p e c t e d ,  t h e  t r a c i n K s  of i n c l i n e d  synchronous  

t r a j e c t o r i e s  e x t e n d  o v e r  l a r g e  B and L ranges. 

I n c i d e n t a l l y ,  a l ;  i n c l i n e d  o r b i t s  (any e c c e n t r i c i t y )  cross t h e  
. .  

m a g n e t i c  e q u a t o r  t w i c e  *p?r p e r i o d  a t  t h e  p o i n t s  where t h e  trac

i n g s  t o u c h  t h e  e q u a t o r i a l  c o n t o u r .  

The i n c l i n e d  c i r c u l a r  o r b i t s  d j s p l a y  a s imi l a r  volume symffirti-y 

( f l i e h t  p a t h  o v e r l a p )  a s  t h a t  o b s e r v e d  f o r  t h e  e q u a t o r i a l  c i r 

c u l a r  o r b i t s .  d i s c u s s e d  a b o v e ,  i n  t h i s  case however i t  h o l d s  

f o r  a l l  s e l e c t e d  p a r k i n g  p o s i t i o n s .  

The i n c l i n e d  e l l i p t i c a l  o r b i t s  s t r i k i n g l y  r e f l e c t  t h e  l o c a l  

geomagnet ic  geometry  c o n d i t i o n s  p r e v a i l i n g  a t  e a c h  p a r k i n r  p o s i 

t i o n .  For example ,  c l e a r l y  d i s t i n g u i s h a b l e  is t h e  p o r t i o n  of 

t h e  f l i g h t  p a t h  t h a t  l i e s  s o u t h  of  t h e  m a g n e t i c  e q u a t o r  from 

t h e  p o r t i o n  n o r t h  of t h e  e q u a t o r :  t h e  f o r m e r  is t h e  " i n s i d e "  

c o n t o u r .  t h e  l a t te r  is t h e  " o u t s i d e "  c o n t o u r  i n  F i g u r e s  105

110. A s c h e m a t i c  p r e s e n t a t i o n  of geopl-aphic  p o l a r  and  peomay

n e t i c  d i p o l e  Eeometry,  r e l a t i n g  to i n c l i n e c :  synchronous  orbi ts  

( c i r cu la r  and  e l l i p t i c a l ) ,  is g i v e n  i n  F i g u r e ; l g  . 

15 




E n e r g e t i c  Solar P r o t o n  F l u x e s  

Good rneasuremsnts of s o l a r  c y c l e  20 i n t e r p l a n e t p r y  cosmic r v y  

f l u x e s  a t  a b o u t  1 A . U .  are now a v a i l a b l e .  These  i n t e r p l a n e t a r y  par t 

ic les  a r e  a l s o  o b s e r v e d  o v e r  t h e  h i g h  l a t i t u d e  polar c a p  r e p i o n s .  

However. a t  o t h e r  l a t i t u d e s  t h e  Eeomapnet ic  f i e l d  e f f e c t i v e l y  s h ' e l d s  

t h e  e a r t h  f r o m  s o m e  of t h e s e  cosmic r a y s  by d e f l e c t i n g  t h e  lower 

e n e r g y  p a r t i c l e s  w h i l e  o n l y  p a r t i c l e s  w i t h  i n c r e a s i n p l y  h i q h e r  

e n e r g y  p e n e t r a t e  t o  lower l a t i t u d e s .  

I n  order t o  c o n s i d e r  t h e  e f f e : t  o f  geomagne t i c  s h i e l d l n g  from 

cosmic  r a y s  on a n  o r b i t i n g  s p a c e c r a f t ,  t h e  t o t a l  t i m e  s p e n t  by t h e  

v e h i c l e  i n  r e g i o n s  o f  s p a c e  a c c e s s i b l e  t o  t h e s e  p a r t i c l e s  bas t o  be 

c a l c u l a t e d ,  ns a f u n c t i o n  o f  p a r t i c l e  Energy ,  f o r  t h e  e n t i r e  l i f e 

t i m e  of t h e  s a t e l l i t e .  I n  other  words, t h e  exposurv  of a s p a c e c r a f t  

t o  t h e s e  p a r t i c l e s  is i n  e s s e n c e  a f u n c t i o n  of t r a j e c t o r y  a l t i t u d e  

and i n c l i n a t i o n ,  and m i s s i o n  d u r a t i o n .  Of c o u r s e ,  t h i s  a p p l i e s  

o n l y  t o  t h e  y e a r s  of i n c r e a s e d  so la r  a c t i v i t y , a n d  whe the r  a s a t e l l i t e  

w i l l  "see" e n e r g e t i c  s o l a r  p r o t o n s  or riot , even  i n  accessible r e p i o n s  

of t h e  magne tosphe re ,  depends  on t h e  epoch  w i t h i n  t h e  s o l a r  c y c l e ,  

a t  which t h e  m i s s i o n  is t o  be fl.own. If  it c o i n c i d e s  w i t h  t h e  

period o f  l o w  solar a c t i v i t y  < y e a r s  of so lar  minimum), i t  most. 

l i k e l y  w i l l  n o t  e n c o u n t e r  any  s i g n i f i c a n t  number of e n e r p e t i c  solar  

p r o t o n s ,  and  v i c e  v e r s a .  

Having c a l c u l a t e d  a m i s s i o n  related e x p o s u r e  t i m e  fo r  a specif$c 

t r a j e c t o r y ,  one  c a n  u s e  e x p e r i m e n t a l l y  d e t e r m i n e d  low e n e r g y  cosnic 

i 
\ 
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r a y  f l u x e s  o f  solar o r i g i n  from which t h e  galactic backkround h a s  

been  s u b t r a c t e d ,  t o  o b t a i n  v e h i c l e  e n c o u n t e r e d  e n e r p e t i c  so l a r  p r o t o n  

i n t e n s i t i e s .  I n  t h e  p r e s e n t  s t u d y ,  t h e  a n n u a l  mean of e v e n t  and 

c y c l e  i n t e g r a t e d  p r o t o n  f l u x e s  of c y c l e  20, g i v e n  by S t a s s i n o p o u l o s  
s 8nd Iring (1973) for e n e r g i e s  r a n g i n g  from E 10 Mev to 9 k 1 0 0  M e V .  

were used  t o  estimate c y c l e  21 i n t e n s i t i e s  on t h e  IUE @AS-D) 

m i s s i o n .  

However. n o  t h o r o u g h  s t a t i s t i c a l  t r e a t m e n t  h a s  yet been worked 

o u t  in r e g a r d s  t o  t h e  p r o b a b i l i t y  of a c t u a l  c y c l e  21 fZuxes e x c e e d l n 

t h e  predicted i n t e n s i t i e s .  Crude model c o n f i d e n c e  l e v e l s  o n l y  are 

a v a i l a b l e  a t  t h i s  t i m e .  The impor t ance  o f  such statistics must 

be emphasized;  it is best d e m o n s t r a t e d  by t h e  o c c u r r e n c e  of t h e  

August 4-7, 1972, e v e n t ,  which was t he  largest recorded i n  solar 

c y c l e s  19 and  2 0 ,  its fluxes e x c e e d i n g  t h e  a c c u m u l a t i v e  t o t a l  of 

a l l  o t h e r  c y c l e  20 e v e n t s  by a b o u t  a f a c t o r  of 2 for t h e  E A10 Mev 

p r o t o n s  and  by a factor of 4 for t h e  E L30 and  E a 6 0  M e V  p a r t i c l e s .  

T h e r e f o r e ,  c a u t i o n  is a d v i s a b l e  when u s i n g  t h s  d a t a  p r e s e n t e d  i n  t h i s  

r e p o r r  . 
The p r o b a b i l i t y  t h a t  t h e  e s t i m a t e d  f l u x e s  for t h e  IUE ( S k S - D )  

m i s s i o n  w i l l  be exceeded  by a n  actaal  e v e n t ,  is a b o u t  33% for a 

one y e a r  m i s s i o n  d u r a t i o n .  

' Figureaa.1 shows t h e  8nnua1,  a m n i d i r e c t i o n a l ,  i n t e e r a l  spectral 

profile of t h e  v e h i c l e  e n c o u n t e r e d  e n e r g e t i c  solar p r o t o n  f l u x e s  

in u n i t s  of particles per square c e n t i m e t e r .  

The re8808 o n l y  one cuwe appears on t h i s  graph is b e c a u s e  

a11 e i g b t e e n  i n v e e t l g 8 t e d  tr8jectoriem remain  c o m p l e t e l y  o u t s i d e  

c 



.. . 

t h e  m a g n e t i c  dipole  s h e l l  of L-5 e.r. a n d ,  c o n s e q u e n t l y ,  e x p e r i e n c e  

no m a g n e t o s p h e r i c  s h i e l d i n g  effects: t h a t  is, t h e y  a l l  e n c o u n t e r  

t h e  same 100% e x p o s u r e  to e n e r g e t i c  solar p r o t o n s .  

Note : t h e s e  f luxes a p p l y  o n l y  t o  m i s s i o n s  p l anned  for p e r i o d s  

of i n c r e a s e d  s o l ~ rzctiviiy. It is n o t  e x p e c t e d  t h a t  so l a r -min  

m i s s i o n s  w i l l  e n c o u n t e r  e n e r g e t i c  s o l a r  p r o t o n s  of a n y  s f E n i f  i c a n c e :  

a t  least ,  it is v e r y  u n l i k e l y  ( b u t  n o t  i m p o s s i b l e )  t o  have 8 major 

e v e n t  o c c u r r i n g  d u r i n g  t h e  y e a r s  of minimum solar a c t i v i t y .  The 

1975.5 IUE m i s s i o n  w i l l  be l aunched  d u r i n E  solar  m i n A m u m  b u t  i f  t h e  

o p e r a t i n g  l i f e t i m e  is a c o u p l e  of y e a r s  t h e n  t h e  p r o b a b i l i t y  of 

e n c o u n t e r i n p  some so la r  p r o t o n s  is h i g h .  

. 
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6The Loca l - t ime  D r i f t  of Synchronous  Sa te l l i t es  

A t  any  i n s t a n t  dur i r .c  a d a y ,  t h e  p a r k i n g  p o s i t i o n  of a synchronous  


s a t e l l i t e  can  be t e m p o r a l l y  r e f e r e n c e d  by its "local tine". where 'i 

I. . 
ig e o g r a p h i c  	local t i m e  LT of a p o s i t i o n  is d e f i n e d  a8 t h e  sum of I 

u n i v e r s a l  time UT and  t h e  p o s i t i o n ' s  l on f r i t ude .  c o n v e r t e d  t o  h o u r s .  " 

1 . - 


Now, when t h e  local t i m e  of a synchronous  spacecraft, LT,. is com- I 
1 

p a r e d  t o  t h o  local t i m e  of Its park in( r  p o s i t i o n ,  LTp. t h e  satell i te 	 I 

2 

a p p e a r s  to osc i l la te  i n  local t i m e  o v e r  t h e  d u r a t i o n  of a p e r i o d ,  .4i 

) 'a l t e r n a t e l y  a d v a n c i n g  a h e a d  of a n d  f a l l i n g  b e h i n d  t h e  c o r r e s p o n d l n p  

LTp v a l u e  by some f i n i t e  amount of time, whose magn i tude  is a func- f . '  
! 

t i o n  of orbi t  e c c e n t r i c i t y  and i n c l i n a t i o n .  A t  t h e  c o m p l e t i c n  of 7 

a p e r i o d  LT, LTp. 

O b v i o u s l y ,  t h i s  c y c l i c  phenomenon arises o u t  of t h e  d i f f e r e n c e  in 

t h e  r o t a t i o n a l  v e l o c i t y  of t h e  s p a c e c r a f t  r e l a t i v e  t o  t h e  r o t a t i o n a l  I 

s p e e d  o f  t h e  g e o i d .  T h i s  d i f f e r e n c e  i n  v e l o c i t y  m a n i f e s t 8  i tself  f 
.i 

/
a l s o  a s  " l o n ~ i t u d i n a ls p r e a d " .  a n  e q u i v a l e n t  c o n c e p t  d i s c u s s e d  ear-	 ; . .. 

9
k .. 

l i e r  i n  t h e  s t u d y .  	 I 
t
1

With t h e  e x c e p t i o n  o f  c i r c u l a r  e q u a t o r i a l  o r b i t s ,  a l l  synchronous  *!: 
t ra jec tor ies  (whe the r  c i r c u l a r ,  e l l i p t i c a l ,  e q u a t o r i a l ,  or i n c l i n e d )  -4 

*I 

are  a f f e c t e d  b y  t h i s  "local-time d r i f t  "(LTD). V a l u e s  of LTD for 
;!
5 
i;I-r 

t h e  s e l e c t . z d  i n c l i n a t i o n s  a n d  e c c e n t r i c i t i e s  are g i v e n  i n  F i g u r e  11.4. 	 i; ' '.. 
*r.t%
'ti 

A f l n a l  n o t e :  t h e  LTD d i s c u s s i o n  appl ies  e q u a l l y  t o  magnetic local 4
if 

, :,d
t i m e  c o n s l d e r n t i o c s .  In f a c t ,  LT is a good a p p r o x i m a t i o n  of m a g n e t i c  3 ;

7. 

loca l  t i m e  for lor l a t i t u d e s  (150° ) ,  assuming  t h a t  t h e  d i p o l e  a x i s  ,;$ ;; 
is p a r a l l e l  t o  t h e  a x i s  of r o t a t i o n .  .	;s; ?.? ;

.;4 'i 
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APPENDIX A 


General Background Information 


For the selected IUE(SAS-D)flight paths, orbit tapes were generated, 

with a constant integration stepsize of two minutes, and for a 24 hour 

flight duration each. Since a l l  the orbits are geosynchronous, this 

tic2 interval is adequate for a sufficient sampling of the ambient em

vironmrnt. (For more details see section: "Resuits, I. Trajectory Data.") 

For the following nine combinations of inclination and parking positim, 

circular and elliptical trajectories were thus produced: 

- Parking LongitudeIncl. 


oo 1 llOoE 290°E 310° 
300 ) 
450  1 

The orbits wci-e stibsequently converted' froa geocentric polar into 

magnetic R-L coordinates with Mclluain's IWAR Program of 1965 (tiassit 

and M c l l h . ,  1367) and with the field routine ALLMAG by Stassinopoutas 


and Mead (1972). utilizing the IGRF (1965) geomagnetic field nodel by 


C a i n  and Cain (1971). calculated for the epoch 1975.5. 

Orbital flux integrations were performed with Vettc's current models af 

the environment, the ncw AES-AE4 for the inner and w t e :  zone elcctroxs, 

the AP6-AP7 for high energy protons, and the APT. for low energy protons. 

All are static models which do not consider tcmporal variations; this 

includTs the new electron models. at lcast as far as the present cal

culations are concerned. See text for further details on this matter. 
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. The documcnts that describe these models m e  listeu below: 


Mode1
-
AE4 
AE5 
APS 
A P 6  
AP7 

Singley and Vette. 1972 

Teague and Vette, 1972 

King, 1967 

Lavinc and Vette, 1969 

Laviae and Vette, 1970 


The results, relating to omnidirectional,vehicle enc untered, integra 

trapped particle fluxes, are presented in graphical and tatular form 

with t h e  followipg unit conventions: 

1.  Daily avcragcs: 

2 .  Average inPtantaneous: 

3.  Totals per orbit: 

4 .  Peaks per or'.it: 

total trajectory integrated flux 

averagcd into particles/cm2 day, 


time integrated average, charai

teristic o f  the orbit, in particles/

cm2 sec, 


non-averaged, single-orbit, 
h


integrated flux in particles/cm2

orbit, and 


highest orbit-encountered instan 

taneous flux in particIes/cm2 sec, 


wbere one orbit = one revolution. 

Please note: ne wish to emphasize the fact that the data presented ir. 

this report are mly approximations. We do not believe the results to 

bc any better than a factor of 2 for the protons and a factor of 2 
far tF.2 electrons. It is advisaLle to info& all potential users about 

this uncertainty in the data. 
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APPENDIX B 


Desctipt ion of Tables 

S) I ~ oL-bmd 7’abl.t 

The teble contains 56 L-bands Li o f q u a 1  s i z e ,  covering the range frou 

L r 1 . O  t o  La: 8 .2  ear th  r a d i i  i n  constant increments of .2 onrth radii .  

Por t h e  L-intervals determind i n  this way, o r b i t a l  spectrtaL functions 
.. . 

ere obtained a t  nine a rb i t ra ry  energy leveis  such t h a t  the integral  

spectrum i s  equal t o  I for E - J+,, where EN w a s  taken to  be .I, S., 

m d  .S Hev f o r  low energy protons, t he  high onergy pmtons, cnd the  

e lectrons,  respectively. h o  n o t a t h i  Li i s  wed t o  indicate the  

L-band from Li t o  Li+l, while J(>E;B) is the in t eg ra l ,  omnidirectional 

f lux  yielded by t h e  snvimnment aodel used i n  the ca~culat ion.  The 

spectral  functions N am evaluated f o r  t h e  t o t a l  f l i g h t  time simulated 

i n  the study, where the suarning index k selects a l l  t ra jectory points 

lying i n  each li. 

fhe corresponding o r b i t a l  d i s t r ibu t ion  functions, representing fluxes 

h o v e  energy EN. a r e  given by 

e 

wherv A t  is tho c w t m n t  tine incmnent of orbit integration, whore 

E-f 
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standard va lw is 60 seconds. Tho dis t r ibu t ion  functions mm �lues 


8ccmuIated i n  t h e i r  respective Li bands over the  total  f l i gh t  psdod I 


considered, 


She osbi ta l  d i s t r ibu t ion  functions are l i s t o d  on tho t ab l e  at tho bot-
B
The nine integr.1tom of each L-interval and a m  labeled WfAU4F"1@. 

energy levels selected for tho  la,  urd high onergy protons and for . 

electrons a m  given below i n  un i t s  of f o r  all par t tc les :  

Ptotons E1ecttons 
gh 

.l* 

.5 
3, 
5 .* 0 .5* 

.Q 10. 1.0 
1.1 15. 1.5 
1.5 20. 2.0 
2.0 
2.5 

25. 
30. 

2.5 
3.0 

. _ . I 

3.3 50. 4.0 
3.5 loo. 5.0 

where t h e  normalization energy is indicated by a s t a r  (*). I 

, .  

b) Ihe S p c t r a l  Distr ibut ion and Exposure Index Table: 

Ihfs table h u  three parts: 
i 

1. She spectrua T
1
(AE) given in % for energy in te rva ls  tha t  COP- ! . 

I 

respond t o  the energy lovets  of the  previously discussed . i 
t ab l e  (L-bands), with two spec ia l  c o l ~ sshowing tho trt.1 

orbit integrated flu f o r  theso energy intervals 8verag.d 

in to  fnstantureolu urd d d l y  1'1 h t a n ! # i t i O S  

E2 


. . .. 



--- 

c - *-24 , I - kOAt l-l,36 

d whore ko is the upper l i m i t  of k. I t  is equal to the tota l  

nuber of tire incrsaents considered i n  the study. 

j - l , lS  (71 / 

whem tho r u u t i o a  is perfczwd for tho o n t i n  s i a u l a t d  miasion 

duratioa T and includes a11 fluxes with onorgLos mator  tAm E5 '  
8 4  
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111. 	 fhe axposurs index, given (for the  normalization energy w e d  

in the L-band table) a t  nine succossive intcnsi ty  ranges R,, 

one order of nagnitude a ~ a r t ,i n  terms of cxposurt duration 

?(Rn) ,co1:vmrted t o  h o u n  ,and t o t a l  number of part ic les  

QC>%;Rn) accumulated white in thrt i n t ens i ty  rango, The 

notation ‘h is w e d  to  indicate  the  in t ens i ty  range from 

r,, to rn+l: 

* 

. 

. 

e) ?he Table of Peaks: 

I n  this table ,  the absolute instantaneous peak flux encountered during 

each successive orbit (revolution) is l i s t e d  for the indicated energy 

range. mere a re  nine c o l m s  on th¶s table.  Colw~l1 is an orb i t  

counting device, based on the period oi the  o r b i t  when the t r r j e c t o v  

lies i n  the  equatorial  plane md is c i r cu la r ,  on t5s physical perigee 

i n  a11 slXiptica1 cues ,  ~d on the equatorial  crossing for c i r cu la r  

inclined rrajector ios .  Collan 2 giver the peak flux. C o l w  S, 4, and S 

8-4 
* Omitted : Not app1i:able to ~p’nchroqusorbits 
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indicate  t h e  spacecraft posi t ion i n  geocentric coordinates a t  which the 

peak YU cncountored, w h i l e  columns 6 ,  7, and 8 detemlno respectively 

tho time md t h e  mognnstic 8 4  coordinntor fo r  t h i s  event. It should 

bo noted tha t  a11 simu1at.d f l i gh t  p8th8 f o r  tho purpose of orbit81 

radiation s tudies  s t a r t  a t  to - 0 hours. Finally, the l a s t  colum in

dicates  the t o t a l  f lux encountered during tha t  par t icu lar  orbit. It. 

is advisable t o  disregard the  f u t  l i ne  on this t ab le  because m y  timr 

tha t  o rb i t  it incomplete and the  fluxes o r  posi t ions shom do not COP 

respond t o  true peaks. 

d) The Exposure Analysis Summary: 

Ihe slmuoay is contained i n  tho l e f t  ha l f  of  t h i s  lnst t ab la  of tach set 

Y semi-independent end separate  table. I t  indicates  what percent of 

its t o t a l  lifetime T the s a t e l l i t e  spends i n  "flux free*' regions of 

space, what percent of T i n  '%high intensity**regions, and while in the 

l a t t e r ,  what percent of i ts  t o t a i  dai ly  f l u  it accrruulates. 

I n  the context of  t h i s  study, the t e r a  llflux free" applies t o  aft  re

gions of space *.idre trapped p a r t i c l e  fluxes a m  less than one pmton or  

electron per square centimeter pe r  second, having energies E > . I ,  E > S., 

and E > .S Nev for t h e  low energy protons, the high e n 8 . U  protons, 

and the electrons,  respectively; by defini t ion,  this includes a l l  re

gions outside the radiat ion bel ts .  The concept of  **tra./pedpa r t i c l e  

fluxes**is meant t o  include s tab ly  trapped, pseudo-trapped, and tmu

icnt fluxes, u .?ong u thsy are p a r t  of or contained i n  tho o n v i " e n t  

modolr wed and, in tho CUI) of truuionts  or  psoudos, t h e i r  soufcu 
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am considered powerful enough to supply t h r  In ar&-"Y. 

Similarly, w e  dofine u @'highintensi ty@@those r e g i m  of space whom 

the  instantaneous , integral ,  oanidirectional , tropped-particle f lux  

Is greater  than 10' protons w i t h  energies R > .1 or E > 5. Hev, and 

grea te r  than 10' electrons w i t h  energies E > .S HOV. 

The values given i n  t h i s  tab le  a m  s t a t i s t i c a l  averages, obtained over 

extended in te rva ls  of airsion tias. Uuwevsr, they nay v u y  rimifi

c m t l y  froa one orb i t  to ths next, when individual o rb i t s  a r e  considered. 

e) 7?w Tim Account Breakdown: 

'Ihe breakdown of orbit tin is given in the r igh t  h a l f  of the lut table 

o f  ewer). set, in the sene sed-independent fora  as the swmary. The 

t ab le  shows the t o t a l  tifetiae spent by t5e vehicle  i n  the irmet tone 

r' 0.0 I. 5 2.51 and the outer  tone TQ (2.5 L s 7.0) of the trapped 

pa r t i c l e  radiation be:t, 8nd a lso  the  percent duration spent outrid. 

that region (L > 7.0). which is denoted by Te (T-external), such that 

for  my mission 

T - $ + To 4 Tb - 100%. 

Ihe confinersent of the  ou te r  zone within the boutdory of the 1 - 7.0 

voltme i s  a rb i t r a ry  and h u  no physical maiiing. It is intended only 

u r i q ~ l l f i c a t i o nt o  f a c i l i t a t e  our  c a l c u l a t i w .  The r e g i a  con-

s i d e d  wexteinaXn(L - 7.0) in this study is still partially a d d a  

of tho ou te r  ~ollo,at leut as far out u L - 11.0 e u t h  radii. accord-

. 
/- . 

? 
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ins to the la te s t  electron models (Singley imd Votto, 1972). 

A lut itca on t h i s  table: the innor zona time Ti may be subdivided 

in to  two parts; 

(1.0 < I s  1.11 u.d inside the region CX.1.* I s 2.5). 

tho percentage of tip. rpmnt outsidm thm regicn 

I 

I 



APPENDIX C 

Description of Plots 

a) 7 h ~Time and Flux Xistagram: 

'zhis p lo t  shows two curves superimposed on t h e  SEJRO graph. namely, one 
* .  

Both are  given u functionseach f o r  the variables *'time'*and **flu**. '. 

of the  pa rme te r  I [earth rad i i ]  within the ranee 1 - L - 7, on 8 semi-

log scale. Ihe p l o t  depicts: (1) by a pla in  curve the  charac te r i s t ic  

t ra jec tory  in t ens i t i e s  as obtained fros the orbi ta l  integrat ion process 

i n  t e r u  of aver8ged, integral  pa r t i c l e  fluxes above 8 

given energy, over constant L-bands of . I  earth radius width, and 

0 1  by 8 contour marked w i t h  symbols the  percent of t o t a l  lifetime C%T) 

spent i n  each L-interval. The logarithmic ordinate re la tes  to the t i r e -

f lux variables. The printed numbers a rc  powers of  10 and per ta in  t o  tho 

fluxes; the  sca le  values f o r  the  time curye are  given i n  the upper par t  

of the ordinate  tsbel: from lo-' t o  102 percent of T. me trpe of 

p8TtiCleS, t h e i r  in tegra l  energy, end the uni t s ,  are 811 given in t h m  

lower par t  cf the 1.beT. The hbef on top of the graph lists s a e  woful 
/-

information about the t ra jec tory  . 

b) The Spectral Profile: 

A 	graphical presentation of t he  f i r m 1  spec t ra l  dis t r ibut ion,  obtained 

from the orb i t a l  integrat ion process. rhe p lo t  i s  8 semi-log graph, 

uhsrs the nbscirsa is a l i n e a r  energy redo f o r  iftegr.1 put ic lo  onergiu
J - .  

c-1 
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i n  Ucv, and the onf ina te  is a Iogari thrfc  sca l e  f o r  the  o r b i t  into-

grated fluxes, given in dai ly  averages for energies gteater th8n %; 
tho printed r ca l e  va luw a n  powotr of IO. 

* 
c) 	 Peaks per O r b i L :  

H e r e  the &solute peak in t ens i t i e s ,  6:icountered per period, a re  plot ted 

f o r  the duration of  the t o t a l  f l i g h t  time considered (1 period - 1 mvo

lut ion - 1 orbi t ) .  7710 logarithmic ordinate  relates t o  in-tantmcous 

pa r t i c l e  fluxes of t he  envircnaent at  the indicated t.iergy threshold, 

while the abscissa is  a l i nea r  o r b i t  enmeration. 

d]. 	 Horld Map Grid Projection o f  Orbits: 

7he t ra jec tory  is plo t ted  f o r  several revolutions on 8 global map 

produced e a Hiller Cylindrical Projection. 'he contours of the con

t inents  have been omitted f o r  c la r i ty .  Tie posi t ions o f  e i t h e r  equatotia1 

crossing, of physical perigee, or of period colaencement are indicr ted 

bu numbers identifying che orb i t s  shown i n  t h i s  graph. For a l l  tx8

jec tor ies ,  the  distance between successive sequ&tialn-Pberr is a 

measure of the o r b i t  precession. 

01 	 8-L Trace of O r b i t s :  

This p lo t  shows a t race  of the t ra jec tory  i n  8-1 space on semtlog 

scale. Several orbits a m  w u a l l y  depicted, each ident i f ied  by its 

sequential n d e r .  Ihe magnetic equator is entered on a l l  plots .  1Re 

loprithric ordinat. ?dates t o  the f i e l d  s t rongth i n  gauss; the 
b 

. . :  

- . , 

J 
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i 	 printed values arm q o n m t s  o f  10. L is given i n  ebrth radii on the 

linear rbitissa, 
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TABLE 1 
 , 

P a r t i a l  Lis t ing of ., 

Parmeters ,  Constants. Vnrieblos, or  Exyrcssions 
dasignatod os "rtnndnrd" i n  tho tox t  

1. Standard Tables: set  of tables  as l i s t e d  i n  Figure  2, i n  t h m  
regular  	format described i n  Appendix 8. J 

I *  ' 

2. 	 Standard Plots: set of p lo t s  as l i s t e d  i n  Figure 2A, in &e .I  
regular fonnat described i n  Appendix C. 

d 

3. 	 Standard Production Rim: a production run processed on 
defaul t  options. 

4. 	 Standard Integrat ion Stepsize: constant time increment o f  
o r b i t  integrat ion:  l8(6O*'). 

5. Standard Energies: 

6. Stand& Procedure: 

lou eaergy protons E > .l Mer, high 

energy protons E > 5. MeV, and electrons .. .. 

E > .5 Mev. 


establ ished pmcedure noamally followed 

VI.procedure followed in special cases. 

. . ,  , ... 1 r I '  ,, . - . , ..~,.. . . .  
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TABLE 2 

B and L Extrema of Synchronous T r a j e c t o r i e s  

Park ing  Longitude: no"  296 310' 

i. . 
i' 
. > .!. " . , '._ 
.._ .., , -

F . . 

. ,  

.r, 

1. 


. .i 

E l l i p t  ica& 

O./2 7952-436 1 5  

300/27952-43615 

4S/2 7952-436 15 

Sircular: 

00/35863 

300/35863 

457338U3 

B-Range 
(Gammas1 

L-Range
(e.r.1 

B-Range 
(Gammas) 

L-Range
(e.r.1 

8-Range
(Gammas) 

L-Range
(e.r.1 

69-2 14 5.56-8.13 66-203 5.72-8.29 65-199 5.68-8.25 

67-238 5.40-11.23 64-277 5.53-11.21 64-219 5.54-10.13 

66-265 5.38-20.11 64-255 5.50-19.50 63-249 5.51-17.01 

114-114 6.88-6.86 109-109 7.02-7.02 108-10s 6.98-6.98 

108-163 6.60-11.80 103-158 6.72- 11.94 102-154 6.73-11.21 

109-187 6.60-21.. 99 103-183 6.72-31.72 102-181 6.73-20.45 
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. I00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

.so0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 

.v00 o e o  0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0-1.so 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.00 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 ; 0.0 
1.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I 0.0 
9.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0 
1.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O r  0 

.IO0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 Om? 0.0 0.0 0.0 
e 5 0 0  0.0 0.0 0.0 0.0 O r 0  0.0 0.0 0.0 0.P 0.0 0.9 0.0 
0900 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
1.10 0.0 0.0 a.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 
1.50 0.0 0.0 0 .  J 0.0 0.0 o*o 0.0 0.0 0.0 0.0 0.0 0.0 
t.00 0 '..0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.80 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 
3.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.so a. a 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 om* 0.0 b. 0 

. I 0 0  0.0 0.0 n-o  0.0 0.0 1.OOE 00 0.0 0.0 0.0 0.0 0.0 0.0 
e500 0.0 0.0 0.0 0. 0 ob0 S.8X-02 0.0 0.0 0.0 0.0 0.0 0.0 
..00 , 0.0 0.0 0.0 u.; 0.0 1.28E-os 0.0 0.0 0.0 0.0 0.0 0.0 
1.10 
4.00 

0.0 
0.0 

0. 0 
0.0 

0.0 
0.0 

o u  0 
0.3 

0.0 
a* 0 

2034C-04 
4.38C-0b 

o* 0 
0.0 

0.0 
0.0 

0.0 
0.6 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

_ _  a-00 OD0 0.0 O I O  0.0 0.0 0 .0 .  . . 0.0 - 0.9 -9.Q . .. 0.0 0.0 0.0 . -
*.IO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
J.00 0. a 0.C 0.0 0. J 0.0 0.9 0.0 o*o 0.0 0.0 0.0 0. c 
3.80 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.n 

marLw= 0.0 0.0 0.0 0.0 0.0 *.1# 10 0.P 0.0 0 4  0.0 0.6 0.0 

I 
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b o  or.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
* I O 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 , 
1.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 .Om0 
1.SO 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 '0.0 0.0 0.0 0.0 I . . .2.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 . .  
3.00 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.c ' 
4.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 Om0 0.0 0.0 

: ' .I .00 0.0 0.0 0.0 0.0 os 0 0.0 0.0 0.0 0.0 0.0 0.0 Om 0 : ... 

. . .  
... . .  

- . 

, .O . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Or0 0.0 Om 0 
a500 7 0.0 0.0 0.0 0.0 0.0 0.0 . 0 . 0 .  0.a Om0 0.0 0.0 0.0 
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8 / C W  *2/SEC 

TOTAL CLUX
w u * * 2 a ~ r  DER CENT 

Lev-as 
> l M L V )  

1NTEG.FLUX 
I/CM**2/SCC 

1NTEG.PLUX 
8 K M * *  2 I D A l  .loo-. 500 l . lO5E 06 9.�46e 1 0  96.4?1 .:OJ 1.14s~oc 9.097C 10 

.500-.000 

.goo- 1.10 
J.899e 04 
io iaec  03 

J.3OW 09 3.404 
i.coie 06 0.101 

.3@0 
-500 

2.1s22E 05 
4.042C 0 1  

1.CJ9E 10 
3.492L O S  

1.IO-1.50 z.sase 02 2.233E 07 0.023 0700 7.593� 03 6.500E 08 
I .SC-2.00 9.4S5L 00 e. 1591 o s  0.001 0900 L.426L 03 a . 2 3 2 ~  oa 
2.00-2. SO 0.0 0 .0  0.0 1.10 2.679t 02 203lSE 07 
2.m-3.00 0.0 0.0 0.0 1.30 5mO33E 01 4.349C 06 . .  
3.QO-J. 80 0.0 0.0 0.0 1.10 9.4591 00 8.169C 05  
I .sO-OVUI 0.0 0.0 0.0 1.7s 1.169L 00 I.OlOE 0 5  . 

2.00 0.0 0.0 
TOTAL lml45E 00 9.COT.E 10 100.000 2.25 0.0 0.0 

2150 0.0 0.0 
2-71 0.0 0.0 
3.00 0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0-0 
0.0 0.0 
0.0 ( k 0  
0.0 0.0 
0.0 000 

23.800 *.me 80 
0.0 0.0 

3.10 0.G 0.6 . .  

. .  . . 
I 

\ 

L.. . 



, ,. 

. . 

ENCR GY AV AGED SPCCTAUW LNZnGY AVCAAGCO AVER A G I O  CXPOSVRC TOTAL I W 
RANGES TOTAL FLUX LEVELS 1NTLG.f LUX I NTEGoCLUX OURAT I ON ACCU*VLATED 
tMZV I # I  a**Z/CAY PER CENT >tYEV b ./CY.*2/SEC #/CM**O/DAY 0 U ) U R S l  CARTXCLES 

' e 0  -0900 2.P7*E 12 93.598 .O 30678L 07 3e170C 12 0.0 0.0 
.SOO-I 000 10C72I I 1  5.262 250 7.532E 06 6e5OIE 11 0.0 0.0 

: 1.00-1. so 2.m9E I C  a.e70 .so0 20354C 04 2.034e 11 0.0 0.0 

'. 
I .50-2.00 
2.03-2.50 

6 e U O C  09 
1.C00E 09  

0.202 
0.047 

0 750 
1.00 

9.935L 05 
4.193E os 

8.584E 10 
3.622L IO 

0.0 
0. 0 

0.0 
0.0 

2.10- 3.00 3.155t 08 0.011 1.2s 2.012L os 10738E 10 0.0 0.0 
3.00-4.00 8.298C 07 0.003 1.00 9 .as2~ 04 8.3401 0 9  0.0 0.0 

-
4.00-5.00 
s.Qo-ovCn 

1 .LOK 05  
0. c 

0.000 
0.5 

1.75 
2.00 

4.aiilt 01 
Z.22ZE 04 

4.002C 09 
1.9201 09 

2% a00 
0.0 

2d34E 11 
0.0 

2.50 4085?E 03 4.19tC 00  
TOTAL 	 30178f. 12 ICO.000 3.00 9.738f 02 6.4LAE 07  23.000 L.0W 11 

30th i.os9e 02 91150C: 06 
4000 1.8581 00 le605E 05 
4.W 0.0 0.0 
5.00 0.0 0.0 

/ .  

... 

. ... , . . 1 '  

.. . 

m 0 . 



i 
Lr ._.. .. ,. 

I 



i 

... 

****I*SPCCTRUM I N  PERCCNT C C L T A  ENERGY *#*e* *  a** COMPOSITE OfiBlT SPECTRUM *e*  CXPOQURE 1NDCX:CNERGY >.SQOWEV 

ENERGY AVERAGE0 
RANGES T3TAL F L U X  
( M E V I  I /CW**Z/SEC 

.Q - . M O  3.4OZt 07.500- I .OO 1.662E 06 
1.00- I. ¶O i .asrE os 
1.50-2.00 5.lOOE 04 
2~00-2 .So  I.llOC 0 4  
2.50-3.00 2.373E 03 
3.00-4.00 6.132E 02 
4.00-5.00 '0.0 
5.00-OVER 0.0 

TOTAL 3 . ~ 9 0 ~07 

. 

\ 

AVH)AGEO SPECTRUM ENCRGY A V t R A G E O  AVEf i  AGE0 FKPOSURC T O T A L  OF 
T O T A L  FLUX LEVELS I N T E G e F L U X  1NTFGeFLUX OU9A T I ON ACCUMULATCO 
I / C M * * Z / C A Y  PER C E N T  > ( U C V )  # / C M C * Z / S t C  I / C M * * 2 / 0 A Y  t t I O U R S )  PART I CL ES 

2.CIOL 12 9 4 e 5 4 b  .O 3.590~ 07 3.109E 12 0.0 0.0 . 
1 . 4 J E  11 4.618 -250 6 . 6 O I E  06 5.7Of.C: I 1  o* 0 0.0 
2 . C 3 E  10  o.ass .so0 1.963E 06 1.496C 1 1  0.0 0.0 . .  . . . 
4.bo?e 0 9  0.142 .?SO 7.~33~n5 6.63911 10 0.0 0.0 
9.190r~ 08  0.031 1.00 30008E OS 2.5998 IO 0.0 . 0.c . .--
2. 	OSOE O B  0.007 1025 1.399F 05 1.209E I O  0.0 0.0 
¶.59e� 0 7  0.002 1.50 6.509F: 04 5.624F 0 9  0.0 0.0 . .  
0. 	c 0.0 1.75 3.0Z8E 04 2.616E 0 9  23.800 1.694Z 11 
0.0 0.0 2.00 1.409E 04 1.217E 09  . 0.0. . 0.0,. . . -*.. 

2. so z.98ee 03 2.580E 08  
30109E I 2  100.000 3.00 6.132L 02 s . 2 9 ~ ~0 7  2 3 . a ~ ~. . a.6Q-L

3.50 5.784E 01 4.8P7E 06  
4.00 0.0 0.0 
4.50 0.0 0.0 
s.30 0.0 0.0 

I . 1 



. . . .  
#I####I N  PERCENT L X T A  EYERGY **+e*, EXPOSURE INOFX:ENCRCI >.mon~v .e.. 

' C N E R C I  AVERAGED AVCRAGED SPECTRUw EXPOSURE TOTAL # OT . 
RANGLS T O T A L  P L U X  T O T A L  FLUX 
t MCV 8 wcum*z/sec ./cn**z/oAv PER CENT 

DURATION ACCUYULATCO 
(HOURS) P & R T I C L B 8 - .  

loo-. 500 br44QE O S  5.512. 10 91.98'1 ,100 68719t 05 5.80SE 10 0.0 0.0 . .- . . a500-0400 P.587f! O b  2.23C.E 0 9  3.811 
m900-1.10 smb4se 0 2  7.4721 07  0.129 

.303 
0 5 0 0  

I . 3 4 6 E  05 
2.696E 06 

l r l 6 3 E  10 
:.'329E 09 

0.0 0.0 
0.0 0.0 . .-.. 

1.50-r.00 b b 8 M  00 ?.LOOF os 0.001 -900 I.00lf 03 98343E 07 ' 0.0 0.0 .. ..-
a.00-2.50 0.0 0. c 0.0 1.10 2.106C 02 1.8TIE 07 0 .0  0.0 
1.w-3.90 0.0 0.  c 0.0 1-30 4.338C 01 s a m e :  06 Z ; k 6 0 0  5.8OSC 10-

I 

: 
S.00-3.SO 0.0 0 .0  0.0 
a.sO-OvLR 0.0 0. c 0.0 

1.50 
1.75 

8ab89E 00 
1.1641 00 

705081I os 
I . O O 6 E  os 

0.0 0.0 
. .0 .0  ._..0.0 .-. . - .  

2.oo 0.0 0.0 

SPECTRUM 

1.I O - 1. so 2.OIPC 02 1.79W 07 0.011 -700 50399E 03 4.66% 08  0.0 0.0 

T O T I L  bm7IPL 05 SmN5C 10 l O O m O 0 0  2 -25  0.0 0.0 Z k W O .  .--S.bO'SE. I O  
2. SO 0.0 0.0 
2.T5 	 0.0 0.0 . . . . . . . . . . . . . .  

3.00 0.0 0.0 

3.50 0.0 0.0 .... _ *........_......._. 


! 

,. 
1 

. I . . ' .  . ! 

: . 
L .  




. . .  -. . . . . . . . . . . . .m.,,., ..._ ,..........R.L--.. 

I 

s . 


. . . . ., . \ 

m , C T R W (  t"G* r apnsune T O I I L  # OC 
LCVLLS ruohitolr 4C C u mATCP 

cta CRNT > ( M e V  b wwar 8 PART I CL C I 

***os .210 3.0 0.0 
O*?OS a8CD 0.0 8.0 . 
0 a I S b  .?SO 0. C 0.0 
0.011 1.00 0.0 0.0- . .  

"0.00? I.*$ 0.0 0.0-
0.ooa 1.w 0.0 0.0 - .. 
0.0 
0.0 

1.). 
2.00 

za.aoo 
a. o 

I m Y O @ C !  11 
0.0' - . '  

w a q a  .O a. o 0.0 

2. so 
1 ~ 0 0 0  	 k00 Ca.ooo I.aorC I 1  . 

3.60 
4.00 
4.00 
sa 00 

i 

I 

* . . 

I \ 



. * .  , .i . ., . , , ,I . . 

SPLCTPU* 

I'tfi C t k 1  

Ch. nb!i 
3.053 
O.QO* 
;001e 
0.001 
0. 	t 
0.0 
C. 0 
0.0 

100. O C O  

:xraswe 

1-1 I h S  I I V  
P h S t S  

t c  *.? # SPC 

4cnu CCU. 
1.t 0- i.et 
l e t  I - I  * C b  
l e t  2-1 .r J 
I a t  3- I .t 4 
I.t 4 - 1  e t  5 
1.tS-l .Lb 
1.c 6-1 .t ?I.*7-ovtn  

t(i1.C 

* 
.. .. . ,. . . . . . . ... -

I 



I 

... 0 -rw0 
a 500- 1.00 

. .1.0@-1.80 
1.+O-P.OO 

*- x*oo-x.m 
. 	 2050-3.00 

a.oo-~.oo 
*.00-5.00 

, 5aOO-OVER 

, - t0TU 

. .  

95.678 
S S I b  
0.614 

0.1b6 
0 . O l l  
0.OU8 
O.OOt 
0.000 
0.0 

3mOO7CLLI . 20¶@= 12 1000000 

- .- . . . . .  . . - .  

b 


* O  2.598E 12 1.800 0.0 
os 

.so0 1.123L 1; 0.380 1.7931 Ob 

. n o  b . e z 4 ~  t o  0.100 ImJlbL 0 1  
1.00 
1.zn 

Pm09SE 10 
1.0221 10 

1.050 
1. 550 

h 8 3 O C  07 
XOZ9bC 00 

. 1.50 .4m992L 09 . 3.400 7.83ee 0. 
1.7s 20442C 09 12.w0 Im042C SI 

.2s0 3.133C I 1  0.350 e . 9 7 ~ ~  

- 2.00 1.198E 0 9  0.0 0.0 
2. so 2.461t O B  

. 3.00 h 2 O A C  07 L3.aoo . 1.1x3e 11 
3.S0 6m428E 06 

. . 4.00 lm526L 05 
4. SO 000 

_. - ._ 6000 0.0. 

. ! 
' 

- . . 

I 

i 




AV EQ AGE0 
~ O T I L  rLua 
8/CM**  Z/SEC 

4.893E os 
1.?5OE 01 
S,JB~E 0 2  
1.212e 0.2 
5.090C 00 
0.0 
0.0 
0.0 
0.C 

5.074E 05 

A V  CTAGEO 
T J l A L  FLUA 
# / W * * 2 / C A V  

4. 	 227s I O  
1.5125 0 9  
4.t553 07  
i.cazC 0 7  
4.2Qe-E 0 5  
0. G 
0 . 0  
0. 	 c 
0 . 0  

4. JB4E 10 

SPECTRUM E N F O G Y  
LEVELS 

PER CEN? >( * tV )  

96.420 .I00 
6.446 .JOG 
0.106 - 5 0 0  
0.025 e 7 0 0  
0.001 -903 
0.0 1.10 
0.0 1.30 
0 .0  1.53 
0.0 l e 7 5  

2.OC 
~ 0 0 . 0 0 0  	 2.25 

2.50 
2.75 
3.00 
3.5c 

AVCaAGEC 
I NTEG. FLUX 
* / C W  2 lSEC 

5.074F 05 
9.572F 04 
i . n i 7 r  04 
3 .472r  03 
6.b911: 02 
1.303r 0 2  
2.56br 01 
5.0YOE 00 
4.7621 -01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

A V L C B C C D  
1 NTEG. *LUX 
C /CM**  2/CAV 

4.38CE 10 
8.2707 c 9  
1.5(5? O Q  
3 .OCOC 0 8  
5.181E 0 7  
1.126~ o r  
2.217E O b  
4.3?8Z 05  
4.IISC 01 

0.0 
0.0 
0.c 
0.0 
0.0 
0.0 

I .. 



. . 

LNEPGV AVERAGED AVERAGED SPECTPUY ENERGY A V i f i  AGED 
RANGES T31AL FLUX TOTLL FLUX LEVELS INTEG.FLUX 
wcv I WCM**ZISEC I/Ol**2/OAV PER CENT > ( M E V I  */CY**Z/SFC 

.o -.so0 ZeIbIE 07 2 . W X  I 2  9e.14; * O  2.vnol: 07 
800-1 e 0 0  9.5'7E os 8.Pice 10 3.205 .2SO a.onbE ob 

1.00- 1.50 Im504E 05 1r:OOE 1 0  0.505 .so0 1.1501: oe 
1.50-2.00 3.431C 04 2.C4V O F  0.115 -750 40715E 05 
2.00-2. sc 7 e 9 8 7 E  0 3  e.5015 08  0.027 1.03 1.949F: 05 
2 e S O - 3 e O O  '1*?8SE 03  10.421 0 0  0.006 1.25 9.3IIF. 0 1  
a.00-4.00 4.4071 O i l  3 . C C l E  07 0.001 1.50 4.493C 04 

0 0- se 0 0  1.2231-01 7.1051 04 0.000 1.75 2.1311: 04 
S.OO-OVER 0.0 0. c 0.0 2.00 I . 0 P I C  04 

2.50 2.226C 0 3  
I OIAL 2 . 0 0 0 ~  07 2.nw I 2  100.000 3.00 4.415E 02 9.9359 10 

acto ba909C 01 
4.CO 8 .  2 Z3E-01 
4. 	so 0.0 
5.00 0.0 

. . . .. . . .. 

! I 

., . a * . .  
I '! 

, 
!.Î  --L . . 



AVERAGE0 
TJTAL fLUX 
NCM**Z /SEC 

4.727e OS 
l e 7 1 7 E  04 
5.364E 02 
l.25& oc 
8mL93L 00 

0.0 

0.0 

O m 0  
0.0 

4m90bC 05 

A V m A G E D  
TOTAL C L U X  
8 /W**2 /CAY 

k.CI4E IO 
Is484E O S  
4 e t 3 Y  07 
1 . t S l e  0 7  
4*k86� 05 
0. 0 
0. c 
0.0 
0. c 

4.a3ae 10 

SPECTRUM CNEUGV AVZRACEO 
L f V l l L S  I N T E G - F L U X  

PIR CENT > l Y S V )  8/CM**2/SCC 

96.364 .I00 4eJObE CS 
1.500 .1OJ 9.3265 04 
0.109 .a00 l e 7 8 4 Y  04 
0.026 e 7 0 0  3.6JbF 03 
0.001 .YO0 beb74F 02 
0.0 1.10 1 . 3 1 0 t  02 
0.0 L.30 Ze3'rOe 0 1  
0.0 l*50 % 1 9 5 �  00 
0.0 1.7s k.914L-01 

0.') 
ICO.OOO 

a.ao 

AVEh 4GLF 
I N T E G o F L U X  
#/CMC*Z/CAY 

4 .2381  1 0  
1.OSBE 09 
1 . I 4 I E  0 9  
2eObPF 08  
S.76bE 07  
1.l.lllZ 0 7  
2e24bE 06 
4 . 4 m w  O S  
ke245t '  0 4  
0.0 

2.25 
2 .w 

0.0 0 .0  
0.0 
0.0 
0.0 
0 .O 

0.0 
0.0 
a* 0 
u* 0 

2.75 
Je 00 
3. SO 

I 
! .  

. .'.. 

, 


1 



0 : t P  cv AVERAGED 
RANGE5 T O T A L  FLUX 
(M�V # 8/CY@*Z/S�C 8/CL(**Z/CAV 

.O -.wo 3.!BIE O ?  2 o I S S C  1 2  

.500-I.CO 9.bYVE 05 8 .3Oc 1 0  
1.00-'1.LO I.5CW 05 1.203e :o 
1.00-2.00 3.eZ.YE 04 2.558E 0 9  

6 . f 4 - C  O t  

AV WAGED 
T O T A L  r L w  

SPECTRJY 

PCR CENT 

96.475 
2.9JI 
0. 	456 
0.104 
0.024 
0.005 
0.001 
0.000 
0.0 

IOO.000 


CNERGV 
LEVEL s 
> ( M t V l  

.O 
e 2 5 2  
.5OC 
,750 
1.00 
1.25 
1.50 
1.75 
2.00 
2.90 
3.30 

3 0 5 0  
4.00 
4.50 
5.00 

AVERAGE C 
1NTEGefLUX 
#/CY**2/5EC 

3.305C 07 
6.165E 06 
1.165E 06 
*.?SO� 05 
IoYSZE 05 
9.299E 04 
4.435E 04 
.?.lI8E 04 
I .012E 04 
2.200E 03 
4.370E 02 
4.800E 01 
T.642E-01 

0.0 

0.0 


AVCaAGED 
I NTFC. FLUX 
I / E Y @ * Z / C A V  

2.855F 1 2  
.l.s159r I 1  
1.00rF. 11 
*.1Q4E 1 Q  
1 . 6 8 6 E  10 
8.034E 0 9  
3.832C 09 
1.830Z 09 
8.744E O B  
1.901E 0 8  
3.7"lt  O? 
4.1b71 06  
6 s O C Z E  04 
0.0 
a. o 

e xposupr 
CIIP4TI ON 
inoues i 

T O T A L  C OF 
ACCllMULATOb 
P m i I c L E s  

0.0 
7.440b. 03  

3.000 
0.500 
0.400 
0.950 
1.200 
1.750 
3.950 

12. osn 
0.0 

f3 .800 

s.112t 04 
I.530E Ob 
1-6R5E 07 
2.5r5c o n  
VelbZL 09 
9.IIJ.C IO 
0.0 1 ... 

I.PO7C 11.. 

2 o o a - ~ . 5 0  7 . w ~  03 
2aS0-3 .00  
3.00- b o 0  
4.00-5.00 
S.00-OYER 

TOTAL 

1 . 7 b K  0.1 
4m362E 02 
7.64ZE-01 
0. Q 

3.30SL 07 

o e  
5.76% 0 1  
6.e02E 04 
0. c 

2. csoe, 1 2  

. .  

, 

.  

_. . 



.- . .. 

! 

CNCRGY AV L AA G I O  AV (RAGED SPCCTRUM cwacv AVCRAGCD CXPOSURE 

WNGCS TOTm. FLUX 10fAL CLUX LEVELS INlEG*fLUX OWIATION 

, tm:vt ./c***2/scc B/CM **P/CAY PER CENT > ( M C V )  I/CY.*2/SEC (HOURS I 

100-.500. s.zooe 03 6.491. 1 0  96.619 . lo0  ~ . S L I C  os 7.250 0.0 

.30O-.OOO 1.6221 O* 1e401C 0 9  3.021 .so0 9.4551 01 1.700 3.53% 04 
1 9so t.a= os 

. . ~ O O - l . l O  * . * o ~ c  02 5.eodL c 7  0.002 m3CO 1.675C 04 
L 75.d L.4S9E 00

1.10-1.50 9aSOIE  01 8.112L 06 0.011) .TOO P.90iE os 
1.190 a*aOs1 01 

1.50-2.00 3.392E 00 2.mW 05 0.001 0900 S0390E 02 
2. Olio 30401L 011

2.00- 2.50 O? 0 0.0 0.0 1.10 Q.04X 01 
2.050 4.40lC 09 

2 e 80-3 .O 0 0.0 0.0 0.0 1.30 1.824E 01 
4.900 4.3631 10 

, 3.00-3.60 0.0 0.8 0.0 1.50 3.392E 00 
Q.0 0.0 

! 3.5O-OVER 0.0 0. a 0.0 1.7s 3 . ~ a x - 0 1  
2.C-3 0.0 

*, TorAL S3611E OS 4.u1)e 10 100.000 2.P6 0.0 )k100  4.63aK 10 
P I  50 ' 0.0 
2. ?I a.0 
3.00 0.0 
3.so oga 

. *. . ... .~, . .;. .  
. .. . 



AVIRAGED seeciRum C N t R G I  AVERAGED AVERAGED cxwswe 
TOTAL fLUX LEVELS XNTEGoFLUX 1NTCGofLUX DURATBON 
If  Ol**Z /DAI  PER CENT >tMEV) I/CY**P/SEC #fCB4**2/DAY tnnunsi 

r.nic 12 91.449 .O 2r24bt  07 i.910e I P  60600 
s.89PQC10 
9.t67C OS 

20 6 d l  
o.eia 

.260 

.SO0 
2 .7S IC  W 
7.975t 05 

*.34(K 11 
6.e~ot 10 

0.200 
0. t so 

P03bb4E O S  0.122 0710 3*44a! os P.974C 10 1.100 
S o m e  0 6  
i . s o e  0 0  

0.030 
00 007 

1.00
i.as 

IoSOSE 01 
7.3601 04 

1.30oe t o  
6.317~ 09 

2.610 
2.100 

3.2SK 07 0.002 1.50 JobO4t 04 3.1141 0 9  k310 
I .COzc 05  0.000 1.75 i . 7 6 0 ~  04 10528C 09  7. &SO 
0.6 0.0 2.00 Oob066t 03 7.504I 00 0.0 

2. so i.wt u3 lob77E 06 
1.PIOC 	 18 100.000 3.00 3r7t7E 02 3ePbJS 07  tkmo 

3.10 4.713C 01 40072L Ob 
4.00 1.16aC OE 1.0021 os 
**so 0.0 0.0 
5.00 0.0 0.0 

...... 
. . .  

I c . 

. . .  _ I  . . . . . . .  ' .L. 
it.. . 

, + - .  I i .  
/ - 1 ,  . ' 1 

I .  



LNIQCY 
RANEES 

AV �e AGED 
TOTAL f C U X  

SPECTRUM ENERGY 
LbVELS 

AYERAGEC 
tYZEC.CI.' : 

AVERAGEC 
I NTEG.PL UX 

EXPQ SURE 
PU**T I nri 

( M L V I  I / C M * U / C A I  r C R  CENT > I ) r E V J  B / C  M* i C ./CM@*ZIDAY 1HOURSI 

IOO-.SOO 2.Cb2. I O  96.457 .;a0 3.196� 05 2.7bOE 10 7.400 
csoa- eQ00 
.900- 1.10 
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RANGES 
( R E V )  

.O -.so0.500- 1.OO 
1.00- 1 50 
1.s0-2.00 
2.00-2.50 
2.50-3.00 
3.00- 4 E0 
4 00- 1-00  
5.00-OVER 

TOTAL 

AV �1AGED 
TOTAL r L u x  
r/En*.2fCAY 

2. iaor 1 2  
5.?13t 10 
1. 290E 1 0  
4. IObE 09 
I. 2825 OS 
3 . I ) l I  00  
i . i joE oe  
I..T29E O b  
0 . c  

2.25E 12 

SPSCTRUI 

PEZ' CENT 

96.593 
2.531 
0.61b 
0.182 
0.057 
0.01b 
0 o O C 5  
0.000 
0.0 

I00.000 

EVFRGV 
LEVELS 
> (MEV 

.O 

.z5a 

.so0 
-750 
1.0) 
1.25 
1.50 
1.75 
1.00 
2.50 
3.00 
3.50 
4.00 
6.50 
5.00 

AVERAGED 
INTEGeFLUX 
*/CW.sZ/SEC 

2.b12E 07 
2.43bE O b  
8.900E 05 
4.464'2 05 
2.2871 05 
1.244E OS 
6e785E 04 
3.7lOE 04 
2.032E 04 
5 .484E 03 
Ie33'3E 03 

2.603E Od 

2.233E 01 

0.0 

0.0 


AVERAGCC 
I NT!'G.CLUX 
I f C M * * Z / O A Y  

2.?S?E I 2  
2.10% I 1  
7.LA9E 1 0  
3.8S7E 10 
I.97bE 10 
l.C?SF 10 
5.8b2E 0 9  
3.205C 09 
1.75bL 0 9  
4.740E 0 8  
1.149(: 0 8  

EXPOSURE 
DURA T ION 
(HOURS1 

6.300 
0.300 
0.250 
0.600 
2.900 
3.900 
5.650 
3.900 
0.0 

23.800 
2.3iec o r  
1.9296 Ob 
0.0 
0.0 



I 
TABLE Ir 

545-0 (110 )  

CIRCULAR 

I h C L I M f l O l l :  0 OEG 

PCRIQEE: ~ s c e 3ICY 

APOGEE: JSBb3 KM 

DECAT DATE: 1970. 0. 

. .  
i .: 	 PR3TONS-LOU PROTONS-HIGH LLLCTRONS 

t 0 . 8  OOMEV) IE>S.OOM�V~ (E>.SOOMEV) 

0.0 x 100.00 x 0.0 x 

PERCENT O f  TOTAL L I f C - 


TIME SPENT IN HIGH-


INTCNSITV REGIONS* Of 


VAN ALLEN O P T S  8 I00.00 x 0.0 X 100.00 I 


PERCENT Of TOTAL O A I L T  


fLUX ACCUMWATCD I N  


H I G H - I N T E N S I T T  RCGIONS: 100.00 X 0.0 x 100.00 x 


SA$-0 I 1  10 8 

CIRCULAR 

INCLINATIUN: 0 DEG 

PERIGCL: 3S863 U M  I 

APOGtll: 35863 KM  

DECAY DATE: 1910. 0. 

PERCENT Of TOTAL L l f E t l M E  SPENT INSlOE A W  

2 OUTSIDE TWC TRAPPEO-PARTXCLE RADXATXON DELI 

OUTER LOWE -TO- I 99.1? X 

(2.1 < L < 11.0) 

TOTAL : 100.00 I 

* T I M E  I N  INNER LONE MAV BE SUDPXVIDCD AS COLLDWS: 

OUTSIDE TRAPPlNG REGION I 0.0 X 

(1.0 < L < 1.11 

I N S I D E  TRAPPING RCCXON f 0.0 I 

11.1 < L < 2.8) 

‘ . .  



-- 

-- 

........-,. . ,...** i -,.; . . . .  ,... .  

SCS-D (2901 

. . . . .  . . .  CIRCULAR .. C I WCULAR . . -. 

I N C L I M T I O N :  0 DEG I h C L I N A T I W :  0 PEG 

PERIGEE: 35663 K M  PERIGEE: 35863 S Y  

. _. .___ APOGEL: ..35163 M _ _  APOGEE: 2.5863 Kc1 

DECAV DATC: 1970. 0. D5CAV D A T f :  1970. Q. 

._ . __.__-15 E ~ E A P I A L Y S l 5 * ~ ~ L  1 PERCENT CF TOTAL L I F E T I M E  SPENT I N S l C E ~ A k  

I OUTSIDE THE TRAPPED-PAPTICLE E A D I A T I O H  3ELT 

P Iu TO hS-LO I PPOTOHS-tl1 CH LLCC TRONS 

-_-- - -..Lt2rLpDwoI.J.~lU~IoOwTY~ (E>. BOOWEVI I W R  LONE - T I - *  : L O  I ... 
. . . . .  

. . . . . . . . . . . .  (1.0 < L < 2.01 
PERCENT O F  TOTAL L I F C -

.. _. . .  
l t M E  SPENT f N  FLUX-FREE--..--_....... __... . _ _  _-. 
REGIONS* O f  SPACE : 0.0 i 100.00 I 0.0 x 

PERCENT OF T O T A L  L I F E - EXTERNAL -TE- : 0.83 % 

I Y T t N S Z T V  REGIONS* Of .  - ._ . 
TOTAL : 100.00 I 

VAN ALLEN e a i s  : 100.00 1. _ _  c.0 I ioo.oo x . ,  

....... -. ..... . . .  
* T I M E  I N  I N W R  ZONE MAV BE S U B D I V I C E O  AS FOLLOWS: 

. - - . - . - . . . .  
H l G H - I N T E N S l r V  REGIONS: 100.00 S 0.0 x 100.00 x 

__1_--- .-----I--_.C-- ---. . .  .-.-...- . . . . . . . . . . . . .  -..-.- ............... - . . . - .  
OUTSIDE TRAPPING REGION : 0.0 % 

... . . .  - .  _ _  - . . . .  . .  . .  

.’. . 

* .\ , .. 
. 7 



S#S-!I ( 3101  
c 

CIFICULAR 

INCLILATION: 0 D t G  

EEQICEE: 35E6.9 K M  

APOGEE : 35803 ~ ' 1  

DECAV D A T E :  1970. 0. 
I 
, 

' .. 
, .. .  ' .  

' . '. 
I ' 

I ' 

P C O T O N S - L O I  PROTONS-HIW CLCCTRCNS 

I E > . l O O M E V J  ( E > S . O O H ~ V l  (E>.SOOMLV) 

PERCENT OF TOTAL L I F E  


TIME S P E W  I N  FLUX-URSE OUTER LUNE -TO- : 99-17 t 


R E G I O N S *  O F  SPACE : 0.0 x 100.00 x 0 . 0  % (2.d C L C l l .01 


PERCENT OF TOTAL LICE- EXTERNAL -IF- 2 0.83 YI 

T C e  SPENT IN MlGH- (L > 11.0) 

I N T l N S l T Y  REGIONS+ O F  
TOTAL : 1r?o,r?n % 

' VAN h L L E N  BELTS : 100.00 x 0.0 x 100.00 x 
.: , . 
. .. 

PCRCEht  W TOTAL C L l L Y  
. .  , . . . .  

cLux ACCUYULATEO IN 
. ,  

H l G M - t N T E N S I T V  RCGKONS: 100.00 ¶I 0.0 'II 100.00 x 

ouisroc T R A P P ~ N CRFGION : 0.0 x 

( ; e 0  Z C < 8.11 8 ' .  . .  
INSlCC T R I P P I N G  REGION I' 0.0 X 

(1.1 C L C 2 e M J  



. . . . . . . . . . . . . . . . . .. . . . . .  
I .  

s. . , . .  ....... i . . . - " . ' .  : . * . I  . , 
, .  , . . . .i!.2.&L.+* .....-..r....r .. -' .... % ..._...i..-!. . . . . . . . . .  ' .,- . : :*, ....i ..:: . . . . . .  . . . . . . .  -.,.. ..-.>A -._-.. . . . . .  

I .  

5AS-D ( 1 1 0 )  

CIRCULAR 

1 N C L I N A T I O N :  29 OEG 

PERIGEE: 35863 KC 

APOGEE: 35863 K Y  

O l C I Y  C A W :  t 9 T O .  0. 

PERCENT OF TOTAL L I C e T I M t  SPENT I N S I D E  A N 0  

OUTSIDE THE T a A P P E O - P A R T I C L E  RAOJATION BELT 

P W T O N S - L O U  PROTONS-HIGH bLECTECNS 

t E>.lOOMEVJ (F>S.OOMEV) (E>.SCOYCVI  

PERCENT O f  TJTAL L I F C - 


TlWL SPENT IN FLUX-FRCC 


i)EGIOhS* Of SPACE : 19.75 X 100.06 X 1S.97 X 


PERCENT Of T U T A L  LIFE-

rivE sKNT IN wttn-

I N T E N S I T Y  R d G l O N S I  Of  
TOTAL : 100.00 X 

V A N  ALLEN B E L T S  : 68.Sl X 0.0 X 66.81 X 

PCRCCNT U P  1OTAL O A I L V  

?LUX ACCUMULAtED I N  * T l Y E  I N  I N N E R  ZONE YAV BE SUODIVIOCO AS FOLLOW: 

H l  Gfl" I N T L N S  l T Y  .REG I O NS I  100.00 I 0.0 I 99.11 I 

O U T S I D E  T R A P P I N G  R E G I O N  : 0.0 X 

(1.0 < L < 1.11 

1NSlOL T R A P P I N G  REGION : 0.0 X 

(1.1 c L. < 2.8) 

I 

, !, . i '  ', _.. 
I . ' , .  '1 \. . I \ 



- -  

TARLC ... 
S1S-0  1290)  

s 4 s - 0  ( z o o )  

I N C L I M T I O N :  30 DEG 5 . ' 
PERICEE: a5663 K Y  

P F R I G E F :  3586.7 K M  

APOGEE: 15663 KM 
APOGEE: 35m3 K M  

D E C A I  DATE: 1970. 0. 
DECAY DATE: 1970. 0. 

C I R C U U S ?  -.. 
C I R C U L A R  c

*I**E X P O 5 U E  ANALYSIS PERCENT OF T O T A L  L I F E T I M E  SPENT I N S L G C  A M  

OUTSIDE THE TRAPPED-PARTICLC R A D I 4 T I O N  dJfLT I 

PFOTONS-LUU PROTONS-HIGH ELECTRONS 

l E > . l O O I E V ~  lE>J.OOMEV) tE>.SOOMtVl 1NNF.R LONE -TK- *  : 0.C X 

l l  ' a '.: ...  ,E R C E N T  OF T R I A L  L I F E - 11.0 < L < 2.8) 7. . . .  
.a . ' .  

j. . 
:.' ..; .;..

TIME SPENT I N  FLWX-FREE 
OUTER LON� -TO- : e6.04 I( 

") ; 
ReGIOhSI OF SPACE : 20.80 x 100.00 x 17.02 x 12.8 < L < 11.0) 

I 
t .  

. ' 

, 
,, .:::, 

'* . 
. . .  

PERCENT or r3 ra  L I C E - i ., 

J ' ' . .:
rKvE SF�NT I N . H l G H - . .  
K N T E N S l r I  R E G I O N S *  O F  

VAN A L L E N  B E L T S  : 67-23 I 0.0 x 65.55 X 
TOTAL : 100.00 x 

. .  . -. 
PERCENT C,F T O T A L  O A K L I  . 

FLUX ACCUMULATCO I N  
*TIME IN INNEP LON: MAV BP suaoivicco A S  FOLLOVJS: 

H I G H - K N T E N S I T I  REGIONS: 100.00 t 0.r. x 99.71 x . - . --. . . . . . .  
OUTSIO� T R A P P I N G  PEGION : 0.0 I f: 

11.0 < L < 1.1) 
. . . . .  ... 

lNSlDE T R A P P I N G  R E G I O N  : 0.0 - X  -..-. .... 	 ii ' *  ' . . ,  ' c 
(1.1 < L < 2.8) . . . . - .. . I 

* < I  P A R T I C L E X M  **2/SEC . . . . . . . .  
I.- . . . .  . 

>I.ES l?L/CM**Z/SEC OR 1 . m  P R / C W * Z / S � C  --.-_ . . .  . . .  I
! 

. .  .. - I
\ . ., .  



-
T A B L E  

545-0  (3101 

C I R C U L A R  

I N C L I M T I L I Y :  29 DEC 

PSRIGEE: ~ S C ~ JK Y  

APOGEE: 3S163 K Y  

DECAV C4TE: 1970. 0. 

*e** E X P D I U R E  A N A L Y S I S  **e* .. 

P M T O N S - L O W  PROTDNS-HICl4 ELECTRCNS 

1�>.I OOYEV 1 (C>S.OOMEVJ ( E > *  5OOYEV 1 

. .  
PTRCYNT oc TOTAL L i r e -

*	 . 
TlMC SPENT I N  FLUX-fRBE-_ I, 

l lLGIOkS*  O r  SPACE : 17.44 x IOO.OO x 12.61 x 

PCRCLNT or  TOTAL Lire-

T I =  W E N T  I N  HIGH

- X W T l l N S I T Y  REGIONS* OF 

V A N  A L L C N  B U T S  : 69.33 m 0.0 x 67.23 Xu 
. L 

. Pcncmi OF TOTAL CAILY 

09.73 & 

. .  
i., . . . .  

PERCENT ff T 0 1 4 L  L I F E T I M E  SPEPlT I N S I C C  A N C  

OIJTSIDE THF TRAPPOD-PARTICLE k A D Z 4 T I f l N  U E l  T * 

INNER LUNE - T I - *  2 0.0 t 

OUTEP LDNr -T* : 92.92 X 

(2.U c L < 11.01 

EXTERNAL -IC- : 7.08 x 

1L > I l . O I  

TOTAL I 10O.OO x 
. .  ~. 

. . . . . . .  ,.
& . ,r t iw  t N  INWC LON^ ani  me SWIOIVIOCD AS C6LLOUS: .. 

. . .  
O U T S I D E  T R A P P I N G  R I G I O N  1 0.0 8 

. - .. 
(1.0 < L < 1.1) 

. . . . . . .  

I N S I D E  T R A P P I N G  R E G I O N  : .0.0. I.. . _ _  . .  
(1.1 c L < 2.U) . . . . . . . .  

. . . .  . . . .  
......... __. . 

. -. 

, ! . .  
. ,

L. ..... ......a-2 

.....L. ... 



i '  

4 


, 

I 


L 



-., 


. .  
' " .  ' . - .. 

. ., . . . .  . . . .  _ .__. . . . . . . . . . .I 

TABLE -
SAS-0 ( 2 9 0 )  

c iqcuun 

I N C L I N T I O N :  45 OEG 

PERIEL: 3 s e w  KM 

APOGEE: 35863 KM 

DECAV D A T E :  1970. 0. 

*+*a EXPOSURE A N A L Y S I S  +*am 

PROTONS-Lon PROTONS-MlGM BLECTRCNS 

I E>.l O O M E V )  (E>S.OOaWVJ (E>.SOOPEV) 

PERCENT OF TOTAL L I F E 

T I M E  SPENT I N  FLUX-FREE 

R E G l O h S I  O F  SPACE : 31.C9 't . <OO.OO X 28.95 L 

PERCENT OF TOTAL L ! i E -

TIME SPENT IN HIGH-

I N T E N S I T Y  R E G I O N S *  0-

VAN ALLEX e E L r s  : 46-43 I 0.0 x 43 -28  X 

PERCENT O? TOTAL C A I L Y  

F L U X  ACCUMULATE0 I N  

M I G ~ - I h T E N S I l ~R E G I O N S :  99.99 I 0.0 I 99.27 f 

(1 P A R T I C L E / C Y * * Z / S E C  

* 	>l.ES E L / C M * * 2 / S E C  OR 1 0 C 3  PR/CM**O/S�C 

. 

i 

TAU1 F 8_2 

d 

IYhiEC L I k i  - T I - .  : 0.0 X 

( 1 . C  < L < 2.e) 

OUTCF LINT -19- : 71.H7 .: 

( 2 . 8  < L < 1 1 . 0 1  

F X T E R L A L  --F- : 2A.13 X 

(L > 1 1 . 0 1  

TOTAL : l@O.OO t 

O T l N E  I N  I N M P  L J N C  M A Y  PB SUPTlV13EZ A S  FflLCnXS: 

O U T S I P E  T P A P P I N G  R F G l O N  i 9.0 X 

l l . O  < L < 1.1)  

f 

, 


. I . 


I 



-. ....... .__-I. -.-. .................. _^.__ 

515-a (3101  

C 1dCULAR 

I N C L I M T I O N :  45 DEG 

PERIGEE: 35ea3 KM 

APOGEI:  35863 K Y  ." 

D E C A I  C I T E :  19700 0. 

. . .  
. . . . . .  

*e** EXPOSURE A N A L Y S I S  **** PERCENT CF TDTAL L l F C T I W  SPCNT INSIDt .  ANL * 
. ,  

OUTSIDE Tnr. TQAPPFr-PAPTICLT R A 3 1 A T I O N  W L T  8 ~ .. .. . . .  .r. . . .  
PKlTOMS-LOW PROTONS-HIGH tLECTRONS ','.., 'I. .: .... 

I. 
/ '  1 U . I O O M E V I  	 (EI5mOOYEV1 lE>.5OOMEV1 XNNFC L O N C  -TI-* : 0.0 % .. . . ... 

I ....-. 
(1.0 < L < 2.H) 

. .  ? ,1:. -
PERCENT OF TDTAL L iFE- 7 3 ,:;:. . :. ;..I. 

- . .. .I .  

T l r Y  SPENT I N  .fLUX-FQEE . . . 
. . 1.:. , ._.5:.' 

REGIONS* Of SPACE : 29.13 X LOO.00 I 28.15 x . .ii . . . . .. .:! . . .  
PERCENT OF TOTAL Lire- EXTERNAL -TE- : 27-08 X . .  :. , 

.. . . .s ,',. . .  ,'... ...TXME SPENT I N  HICW- (L > 11.0) .i . : . .....: .. ' ,. .< 
I N T E N S l T t  RLGIONSt  O F  . .  

TDTAL : LOO.00 x . . .  1.. 1 
' 

VAN A U E N  I a T S  : 0.0 I 43-28 I . . .  . 1 '.., 

. . .  . e . - .. . .ev 

PERCENT OF TOT& O A I L Y  
. . .  

R U X  ACCUMULATE0 I N  

H I G H - I N t E N S l T V  REGIONS: VVbVV I 0.0 I 99.31 I-	 . -
OUTSIOE TRAPPlNG RFGtDN : ' 0.0 * 

(1.0 < L < 1.1) . . .  
-. ... -.... ......... l N S l D t  TRAPPING REGION : .0.0 II . . . . . . .  

. ._. . _ .  . 
. . 

... -. . - - .  . . . . . . .  . %  I 

. . . . . .  .- . . . . .  
........... ......... 

. . .  




0.c t I O 0 . O C  T 0.0  x I?.'.< L < 11.01 

TOTAL : 100.00 % 
l O O . 0 0  I 0 . 0  T 100.00 x 

. . . . . . . . . . . . . . . . . .  

. . . . .  . . . . . .  - . 

/ 



- -  

.~ 

I .. . 
I . _  
. ,  

4.' 
... .... . .. J 
' . ,o,, ... 

! , . ,  

0 . C  % 10'3.0') t 0.0 v 

WarENT OF TCTCL 1 IFE- 	 1.. : , .  

T l V E  * D F F y *  I N  MlGn

l N T E Y S I T Y  FEGTf"S+ OF 

101) c : lOO.00 * 
VAY ALLEY PFLTc : l I ) O . ( t O  1 0.F t 100.90 II 

... 

I 

!
I 

f t 
\ ' 1 

.c 



-. .  . . .  . .. .  
. . .  

I .  . .  
. ,  . . ' .  . .  , . .  
. . . .. .- . . .. ._ *... 1. .._.... ......-a__. ... .._. ' I ,. :. ; 7- ..i 

945-3 ( 3 1 0 )  

E L L I P T C L  

I N C L I h A T I O N :  0 OCG 

PERIGEE: 27952 K Y  

APOGEE: 43615  K 4  

X C A V  CATC:  197C. 0. 

0 P t H C C N T  Of TUT4L L I F E T ~ Y FSPfNT lPlS!bC LNC 

* O U T F l b F  T H f  1DLPPEC-PAIT ICLC I )AOIATION BcCT 

IIuhtIi LUNE - T I - *  : 0.3  
(1.0 L < 2 .6 )  

1. 

\
5.. 

T O T A L  t 100.00 t 
5.3 I I O C . C O  a 

P i U C i h T  OF 1OTLL D A I L Y  

CLUA ACCJUULATCD I N  

M l b . ( - l k l L N f I T V  *EGlUVP: IOOeCC II 0.0 I 100.00 x 

CUTSIOC. T P I P P l N G  RCGlON 2 0.0 I 
. . 

11.0 c L c 1 . 0. . 

1NSI3C TR4PPING REGION : 0.0 1 

11.1 c L < ?.el 

I 



- -  

. 


'.:	. . . '. a 

~, 

t*** 


T(YE SPENT TN FLUX-FFFF . . .  .. . . 
PF'JIONSI -6 SDACE : 10.12 

. . . . . . . .  

0.0 1 61.77 % 

Q.0 1 99.73 x 

......... . -. 
f? . . .  
.i 
.I 

ir . 
. . . 



- -  
-- 

-. .. . . . 

0.0 (I 

n U T E P  ZONE -10- : 02.013 x . .

(2 .8  e i < 11.0) 

T.92 (I 

-
TOTAL 100.00 (I 

9 . . .  

. . 

. . i. 



- - 

I . 

. * .  S&-D (310)  

ELL i P l C L  

I N C L I M T I O N :  2 9  DEC 

P k I C r E I  2 7 9 5 2  K Y  . ' :, 
.. 

..\ 
. I 

A P O G K ;  43615 KY 

DECAY DATk?: 19700 0. 

- . .  -

EXPOSURE ANALYSIS-**** ~ PCRCCNT ff TOTAL LlFCtJCC SPENT KNflDC Am**I* 

OUTSlDE THE TRAPPED-PARTICLE RAOZATION BELT 

- . . - _. .- - . . .. ._ 
PERCENT Of TOTAL L IFE-

- .. . . .  . 
TIM SPENT I N  fLUX-CREE OUTER ZONE -10- I 990t7 I 

.. . . . 
a t a o N s *  or SPACE : 1.90 I 100.00 I 0;o % ' - - (2 .0 < L < 11.0) 

.--__ ~ - ._. .. - _- . 

CCRCCNT or TOTAL L i re- ~ .. .- -.. .- .- - -
TU* SPLW IN HXGM- _ _ _  . . ... - -_--- _.- -.- -
INTENSITY REGIONS* O f  . .. 

TOTAL : ioo.ao x 
VAN ALLEN a a i s  I e 4 . n  I .  0.0. I . - w~.a9-.u -. - . -. _ .  _ .  

. .  

. . . ,  . 



. 

.. . 

( 2 . 8  � L < 11.0) 

, 




2.. ..... . L  .-.. . . .  -.......- 2. .<. .. >.#.*.-._r..... .... * .......... , . _._ .,_, ,,, ., :. ,.?.<:,Y". .': ' .::-, . . . . . .  . . . . . . . .  .,.I. -",+9 .....:* .I..... e: . . . .  .: . . . . . .>.. 

. .- .. ._ 

1NNEO 7CNE -T I - *  Z 0.0 t 

(1.0 < 1 < 2.1) 

3:' 
?I 

...... 
: 100.00 x 

... - 
. . _. 

DEWEYT 9F TFTAL D F I L Y  

FLUX LCCUWULhTFD I N  OTXUF I N  INNEq ZONE MAV OC SUEDfVtDtD AS FOLLOWS: 

WGW-~NTEYSITV EEGILNS: ioo.t-3 v 0.0 (I 99.26 I 

--..-I- -I_ ......... -.., .__- ................... 

. . .  -... . . . . .  . .-. . ~ 

\ . 

'\ '. 
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